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e2-1. If0 = 30” and T = 6 kN, determine the magnitude 
of the resultant force acting on the eyebolt and its direction 
measured clockwise from the positive x axis. 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 
Applying the law of cosines to Fig. b, 


Fr = [e +8? — 26X8)c08 75" 


=8.669 kN = 8.67 kN 


Applying the law of sines to Fig. b and using this result , yields 


sing  sin75* 


qna. = 63.059 
"a 


Thus, the direction angle 4 of Fr measured clockwise from the positive xaxis is 
$ =0. - 60” =63.05* — 60? =3.052 Ans. 
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2-2. If 0 = 60” and T = 5kN, determine the magnitude 
of the resultant force acting on the eyebolt and its direction 
measured clockwise from the positive x axis. 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of cosines to Fig. b, 


FR = [> + 8? — 1 5X8)c0s 105* 


= 10,47 kN =10.5 kN 


Applying the law of sines to Fig. b and using this result, yields 


sine  sin105% 
— = = 47.540 
8 10.47 id 


Thus, the direction angle $ of Fr measured clockwise from the positive xaxis is 
$ =0 - 30% =47,54* - 30% =17,52 Ans. 
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2-3. If the magnitude of the resultant force is to be 9 kN 
directed along the positive x axis, determine the magnitude of 
force T acting on the eyebolt and its angle 6. 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of cosines to Fig. b, 


T= e? +9? — 28X9)c0s 45 


=6.571 kN = 6.57 kN 


Applying the law of sines to Fig. b and using this result, yields 
sin(90-6) _ sin 45? 
8 6.571 


8 = 30.67 
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*2-4, Determine the magnitude of the resultant force F,= 150 lb 
acting on the bracket and its direction measured 
counterclockwise from the positive u axis. 


F¡ = 200 1b 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of cosines to Fig. b, 


Fr = [2002 +1502 — 2(200X150)c08 75* 


=216.72 1b= 217 1b 


Applying the law of sines to Fig. b and using this result yields 
sino Be sin75* a= 63.052 
200 216.72 


Thus, the direction angle f of Fr , measured counterclockwise from the positive u axis, ¡is 
$ = 0. -60? = 63.05 —- 60? = 3.05? Ans. 
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e2-5. Resolve F, into components along the u and y axes, F, = 150 1b 


and determine the magnitudes of these components. 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of sines to Fig. b, yields 


o Ans. 


sin105% sin 309 


E, = 200 F, = 283 1b 
sin45%  sin30? 


Pre 


“LE 
e A 200.!b 
eV 


(6) 
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2-6. Resolve F, into components along the u and v axes, F,= 150 lb 
and determine the magnitudes of these components. 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of sines to Fig.b, 


o F, =150 lb 


sin30% — sin30? 


iaa: Ein O 
sin1202 sin 302 
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2-7. If Fg = 2kN and the resultant force acts along the 
positive u axis, determine the magnitude of the resultant 
force and the angle 6. 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 
Applying the law of sines to Fig. b, yields 


sing  sin30* 


3 2 


Thus, 
09 = 30 +4 = 307 + 48.59% = 78.59” = 78.6" 


With the result 0 = 78.59", applying the law of sines to Fig. b again, yields 


o FR 2 Ñ 
sin(180”— 78.59%) — sin30% FR = 3.92 KN 
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*2-8. If the resultant force is required to act along the 
positive u axis and have a magnitude of 5 kN, determine the 
required magnitude of Fy and its direction 6. 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively. 


Applying the law of cosines to Fig. b, 


Fp = [2 +5? —-23X5)c08 30? 


=2.832 kN = 2.83 kN 


Using this result and realizing that sin(180? — 0) = sin6, the application of 
the sine law to Fig. b, yields 


sin9 _ sin30? 
S — 2832 
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2-9. The plate is subjected to the two forces at A and B 
as shown. If 0 = 60%, determine the magnitude of the 
resultant of these two forces and its direction measured 
clockwise from the horizontal. 


Parallelogram Law : The parallelograrm law of addition is shown in 
Fig. (a). 


Trigonometry : Using law of cosines [Fig.(b)], we have 


Fi = /82+62-2(8)(6)cos 100* 


= 10.80 kN = 10.8 kN 


The angle9 can be determined using law of sines Fig. (b)]. 


sin 9 _ sin 100 


6 10.80 


sin 9 = 0.5470 
0 = 33.16" 


Thus, the direction $ of Fz measured from the x axis is 


$ = 33.16” - 30? = 3,16" 
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2-10. Determine the angle of 9 for connecting member A 
to the plate so that the resultant force of F, and Fy is 
directed horizontally to the right. Also, what is the magnitude 
of the resultant force? 


Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Using law of sines [Fig. (b)], we have 
sin (90-68) _ sin 50? 
6 8 
sin (90 - 6) =0.5745 
0 = 54,93" = 54,9% Ans 


From the triangle, $ = 180? — (90 — 54,93%) — 50? = 94,93". Thus, using 
law of cosines, the magnitude of F is 


Fa = 48 +62 -2(8) (6)cos 94,93% 


= 10.4 kN 


2-11. If the tension in the cable is 400 N, determine the 
magnitude and direction of the resultant force acting on 
the pulley. This angle is the same angle 9 of line AB on the 
tailboard block. 


Fa= y (4007 + (400) — 2(400)(400) cos 60? = 400N  Ans 


sin9 _ sin60” 


o 7 200 : 9-= 60? Ans 
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*2-12. The device is used for surgical replacement of the 
knee joint. If the force acting along the leg is 360 N, 
determine its components along the x and y” axes. 
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e2-13. The device is used for surgical replacement of the 
knee joint. If the force acting along the leg is 360 N, 
determine its components along the x' and y axes. 
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2-14. Determine the design angle 0 (0 <= 6 <= 909) for 400 lb A 


strut AB so that the 400-lb horizontal force has a 
component of 500 Ib directed from A towards C. What is the 
component of force acting along member AB? Take 


$ = 40". 


A 
y 


Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). 


E 
A 4 


Trigonometry : Using law of sines [Fig. (b)], we have 


rd 


Y 
r 


Ñ 


sin 9 = 0.8035 


0 = $3.46" = 53.5" 


Thos, YY = 180 40* 53.46" =86.54* 


Using law of sines [Fig. (b)] 


Me. A 
sin 86.545 — sin 40" 


Es = 621 lb 


400 lb A 


2-15. Determine the design angle ¿(0 == 907) 
between struts AB and AC so that the 400-lb horizontal 
force has a component of 600 Ib which acts up to the left, in 
the same direction as from B towards 4. Take 0 = 30". 


Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Using law of cosines [Fig. (b)], we have 


Fic = y 4002 + 600? — 2(400) (600) cos 30? = 322.97 lb 
The angle y can be determined using law of sines (Fig. (b)]. 
sn no 
400 322.97 
sin $ = 0.6193 


$ = 38.3" 
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*2-16. Resolve F, into components along the u and v axes 
and determine the magnitudes of these components. 


Sine law : 
Fis___250 
sin30% — sin105* 


Fin 250 


sin45*  sini05* 


e2-17. Resolve E, into components along the u and v axes 
and determine the magnitudes of these components. 


F, =150N 


Sine law. : 


LB 
sin 305” sin 75% 


Pas a 150 
sin 75% sin 75* 
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2-18. The truck is to be towed using two ropes. Determine 
the magnitudes of forces F, and Fy acting on each rope in 
order to develop a resultant force of 950 N directed along 
the positive x axis. Set O = 50%. 


Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Using law of sines [Fig. (b)], we have 


E 950. 
sin $09 sin 11 


E, =774N 


A 950 
sin 20? sin 110? 


=46N 


2-19. The truck is to be towed using two ropes. If the 
resultant force is to be 950 N, directed along the positive x 
axis, determine the magnitudes of forces F, and Fz acting 
on each rope and the angle 0 of Fy so that the magnitude of 
Fz is a minimum. F, acts at 20? from the x axis as shown. 


Parallelogram Law : In order to produce a minimum force Fz, Fz has 
to act perpendicular to F, .The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Fig. (b). 


F, = 9S0sin 20” = 325 N 


F, = 950cos 20” = 893 N 


9 = 90” - 20 = 70.0? 
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*2-20. If d = 45%, F, = 5kN, and the resultant force is 
6 kN directed along the positive y axis, determine the required 
magnitude of F, and its direction 0. 


The parallelogram law of addition and triangular rule are shown in 


Figs. a and b, respectively. 
Applying the law of cosines to Fig. b, 


PF = 6? +5? -2(615) cos 45 


=4.310 kN = 4.31 kN 


Using this result and applying the law of sines to Fig. b, yields 


: sacó 
sinó _ sin45 0 =55.1* Ans. 
5 4.310 
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e2-21. If $ = 30” and the resultant force is to be 6 kN 
directed along the positive y axis, determine the magnitudes of 
F, and E, and the angle 0 if F, is required to be a minimum. 


For F to be minimum, it has to be directed perpendicular to F . 
The parallelogram law of addition and triangular rule are shown in Figs. a and b, respectively. 
By applying simple trigonometry to Fig. b, 


K = 6008 30” = 5.20 kN 
F, = 6sin30? =3kN 


0 = 907-307 =60" Ans. 
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2-22. If p = 307, F, = 5kN, and the resultant force is to 
be directed along the positive y axis, determine the 
magnitude of the resultant force if F, is to be a minimum. 
Also, what is F, and the angle 0? 


Parallelogram Law and Triangular Rule: The parallelogram law of addition and 
triangular rule are shown in Figs. a and b, respectively. 
For Fa to be minimum, it must be directed perpendicular to the resultant force. Thus, 


8 = 909 Ans. 
By applying simple trigonometry to Fig. b, 


F) = 5sin30? = 2.50 kN 
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2-23. I1f0 = 30% and F, = 6 kN, determine the magnitude 
of the resultant force acting on the plate and its direction 
measured clockwise from the positive x axis. 


Parallelogram Law and Triangular Rule: This problem can be solved by adding the forces 
successively, using the parallelogram law of addition, shown in Fig. a. Two triangular force 
diagrams, shown in Figs. band c, can be derived from the parallelogram. 


Determination of Unknowns: Referring to Fig. b, F' and Q can be determined as follows. 


Fo= da? +5? =6.403kN 


ma=7 a =5134 


Using the results for F" and a: and referring to Fig. c, Fz and $ can be determined. 


Fr = de + 6.403? — 2(6X6.403)c0s(51.34* +30) 


=8.089 kN = 8,09 kN 


Thus, the direction angle ( of Fr , measured clockwise from the positive x axis, is 


$ =0. +8 = 51.349 + 47.16? = 98.5% Ans. 
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*2-24. If the resultant force Fp is directed along a 
line measured 75% clockwise from the positive x axis and 
the magnitude of F, is to be a minimum, determine the 
magnitudes of Fz and F, and the angle 6 <= 90”. 


This problem can be solved by adding the forces successively, using the parallelogram law of addition, 
shown in Fig. a. Two triangular force diagrams, shown in Figs. band c, can be derived from the parallelograms. 
For F¡ to be minimum, it must be perpendicular to the resultant force' s line of action. Thus, 


0 = 90? - 75% =15" Ans. 


Referring to Fig. b, F'and Q: can be determined. 


F'= Ja2+52 = 6.403 kN 


tan O = a = 51.342 


Using the results for 0, «x, and F”, Fp and FE) can be determined by referring to Fig. c. 


F, = 6.403c0s( 15” + 51.43%) = 2.57 kN 
FR = 6.403 sin(15” + 51.43") = 5.86 kN 
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e2-25. “Two forces F, and F, act on the screw eye. If their 
lines of action are at an angle 0 apart and the magnitude 
of each force is F, = PF) = F, determine the magnitude of 
the resultant force Fz and the angle between Fy and F'. 


q 
sin(9- 9) 


sin(O— $) = sing 


Ó-p=04 


En = /(FY? + (FJ - UFICF) cos(180P — 8) 


Since cos(180”- 8) = —cosó 


Fa = F(Y2)/1+ cos9 


Since cos(2, = y 
2 2 
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2-26. The log is being towed by two tractors A and B. 
Determine the magnitudes of the two towing forces F', and 
Fy if itis required that the resultant force have a magnitude 
Fr = 10kN and be directed along the x axis. Set O = 15”. 


Parallelogram Law : The parallelogram law of addition is shown in 
Fig. (a). . 


Trigonometry : Using law of sines (Fig. (b)], we have 


1A 10 


sin 15% — sin 135" 
E, =3.66kN 


BR _ 10 
sin 30 — sin 135* 


Fa =7.07 kN 


2-27. The resultant Fz of the two forces acting on the log is 
to be directed along the positive x axis and have a magnitude 
of 10 kN, determine the angle 6 of the cable, attached to B such 
that the magnitude of force Fz in this cable is a minimum. 
What is the magnitude of the force in each cable for this 
situation? 


Parallelogram Law : In order 10 produce a minimum force Ey, F, has 
to act perpendicular to F, .The parallelogram law of addition is shown in 
Fig. (a). 


Trigonometry : Fig.(b). 


y” 1Osin 30? = 5.00 kN 


E, = 10cos 30" = 8.66 kN 
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*2-28. The beam is to be hoisted using two chains. Deter- 
mine the magnitudes of forces F, and F, acting on each chain 
in order to develop a resultant force of 600 N directed along 
the positive y axis. Set O = 45. 


Fa 600 


ro IN Ae 


Py 0 
sin 30”  sin105"' 


Fa=311N  Ans 
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e2-29. The beam is to be hoisted using two chains. If the 
resultant force is to be 600 N directed along the positive y 
axis, determine the magnitudes of forces F, and Fy acting on 
each chain and the angle 0 of F, so that the magnitude of F, 
is a minimum. F, acts at 30? from the y axis, as shown. 


For minimum Fy, require 
9260”  Ans 


E, =600c03 40 =520N  Ans 


Fa =600sin30 =300N  Anms 
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2-30. Three chains act on the bracket such that they create 
a resultant force having a magnitude of 500 lb. If two of the 
chains are subjected to known forces, as shown, determine 
the angle 0 of the third chain measured clockwise from the 
positive x axis, so that the magnitude of force F in this chain 
is a minimum. All forces lie in the x-y plane. What is the 
magnitude of F? Hint: First find the resultant of the two 
known forces. Force F acts in this direction. 


Cosine law : 


Far = /3002 + 2002 - 2(300)(200)c0560" = 264.6 lb 


Sine law : 


sin(30? + 6) _ sin60* 


200 746 0=10,9 Ans 


When F is directed along Fr , F will be minimum to create the resultant force. 


La 2 Fm +F 
300 = 264.64 Fu, 
Poio 2235 lb 
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2-31. Three cables pull on the pipe such that they create a 
resultant force having a magnitude of 900 lb. If two of the 
cables are subjected to known forces, as shown in the figure, 
determine the angle 0 of the third cable so that the 
magnitude of force F in this cable is a minimum. All forces 
lie in the x-y plane. What is the magnitude of F? Hint: First 
find the resultant of the two known forces. 


F" = /(600? + (400 - 2(600)(400) cos 105” = 802.64 lb 


F = 90 - 802.64 = 97.4 lb Ans 


sing , sini0S% 4 gogo 


600 802.64 


6 = 46.22% - Y” = 1622 — Ans 
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*2-32. Determine the magnitude of the resultant force 


acting on the pin and its direction measured clockwise from 
the positive x axis. 


Rectangular Components: By referring to Fig. a, the x and y components of F¡ , F>, and F 
can be written as 


A F,=401b 
(E), = 3000545” = 21.211b (A dy = 30sin45* = 21.21 lb p 


(Fz)y = 40sin15?= 10.35 lb 
(F3)y = 2500815" = 24.15 lb 


(F2) y = 40008 15" = 38.64 1b 
(Fz), =25sin15%= 6.47 1b 


Resultant Force: Summing the force components algebraically along the xand yaxes, 


LX(FR)y = EF; (FR)x=21.21+ 38.64+6.47= 66.32 lb > 
+ TE(FR)y = EFy; (Fr)y = 21.21-10.35- 24.15=-13.29 lb= 13.29 lb y 


The magnitude of the resultant force Fp is 


Fr = Jerz lx? +(FR)y? = (66.322 + 13.29? = 67.61b 


The direction angle O of Fg, measured clockwise from the positive xaxis, is 


0= cn | = ar 12). 11.39 


(FR)dx 66.32 


Ry" 13-29 lo 


(b) 
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e2-33. If F,=600N and q = 30%, determine the 
magnitude of the resultant force acting on the eyebolt and 
1ts direction measured clockwise from the positive x axis. 


Rectangular Components: By referring to Fig. a, the x and y components of each force can be written as 


(A )x = 60000530” =519.62N (HA), = 600sin30”= 300 N 
(F2)y = 500005 607=250N  (Fz)y= S00sin60? = 433.0 N 


(E): = as) = 270N (Fs)y = a+) =360N 
Resultant Force: Summing the force components algebraically along the xand yaxes, 


HE(FR)x = EF o; (Fr): = 519.62 +250-270=499.62N => 
+ TE(Fr)y = EF,; (Fg)y =300- 433.01 -360=-493.01N = 493.01 N y 


The magnitude of the resultant force Fp is 


Fr = diez de + (FR)? = da99.62? +493.012 = 701.91 N =702N 


The direction angle 0 of Fz, Fig. b, measured clockwise from the xaxis, ¡is 


' o y | a cn 493.01 ] a 


(ERdx 499.62 


(Fr) =499.62N a 
JN 
| 


EA 
Pe), =493-01N 


y 
(5) 
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2-34. If the magnitude of the resultant force acting on 
the eyebolt is 600 N and its direction measured clockwise 
from the positive x axis is 9 = 30”, determine the magni- 
tude of F, and the angle ¿. 


Rectangular Components: By referring to Figs. a and b, the x and y components of F,, F,, F3, and Fr 
can be written as 


(R)z = Boop (A), =Asing 
(FP ), = 500c0s 60? = 250 N (Fa), = 500 sin60? = 433.01 N 


(B)y= 450 2)- 270N (Ba), = 4502) 360N 


(Fr )x = 600cos30? = 519.62 N (Fr)y = 600sin30?= 300 N 


Resultant Force: Summing the force components algebraically along the xand yaxes, 


LI Fr)x = EF;  519.62=Fcosf+250-270 
K cos $ = 539.62 

+ TE(Fg)y = EF; -300= F sing — 433.01-360 
F sing = 493.01 


Solving Eqs. (1) and (2), yields 


$ =92.4> E ="731N 
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2-35. The contact point between the femur and tibia 
bones of the leg is at A. If a vertical force of 175 lb is applied 
at this point, determine the components along the x and y 
axes. Note that the y component represents the normal 
force on the load-bearing region of the bones. Both the x 
and y components of this force cause synovial fluid to be 
squeezed out of the bearing space. 


E = ns() =673lb  Ans 


F, = (E) = -162lbb  Ans 


2 Solutions 44918 1/21/09 12:01 PM Page 37 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*2-36. If  = 30” and F) = 3 kN, determine the magnitude 
of the resultant force acting on the plate and its direction O 
measured clockwise from the positive x axis. 


Rectangular Components: By referring to Fig. a, the xand y components of F¡ , F), and F3 can be written as 


(A)x = 4sin30" =2kN (Fi)y = 400530" = 3.464 kN 
(F2)y = 300830" = 2.598 kN (F2)y = 3sin 307 = 1.50 kN 


4 3 
dE) 0-43) 


Resultant Force: Summing the force components algebraically along the xand yaxes, 


YI FR)x = ER; (Fr )x=-2+ 2.598+ 4=4.598kN => 
+ TE(Fr)y = EF y; (Fr)y = 3.464+ 1.503 =-4.964 kN = 4.964kN y 


The magnitude of the resultant force Fr is 


Fa = fs a H(FR)y> = dla5o8? 44964? =6.77kN 


The direction angle 9 of Fp, Fig. b, measured clockwise from the positive xaxis, is 


Po (Er)y e -1/ 4:.964 2 
0 =tan ES = tan 2308 47.22 


:=4.598 KN 


mm — 


Fe 
Fa) 24 964 KA si 
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92-37. If the magnitude for the resultant force acting on 
the plate is required to be 6 kN and its direction measured 
clockwise from the positive x axis is 9 = 30%, determine the 
magnitude of E) and its direction £. 


Rectangular Components: By referring to Figs. a and b, the x and y components of F; , F>, F3, and Fr 
can be written as 


(KR) = 4sin30? = 2 kN (F1)y = 400530” =3.464kN 
(Fa )x = Pa cosp (F2)y =P sing 


2) (Fs) -d3)-20 
(Fr )x = 6008307 = 5.196kN (Fr), = 6sin30*=3kN 


Resultant Force: Summing the force components algebraically along the xand yaxes, 


YI FR)x = EF 2;  5.196=-2+ F¿00sfp +4 
F, cosp = 3.196 

+ TE(FR)y = EFy; -3= 3.464 + Fr sing —3 
F, sing = 3.464 


Solving Eqs. (1) and (2), yields 


$ =413" F, =471kN 
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2-38. If fp = 30” and the resultant force acting on the 
gusset plate is directed along the positive x axis, determine 
the magnitudes of E, and the resultant force. 


Rectangular Components: By referring to Fig. a, the x and y components of E, , F>, F3, and Fp can be written as 


(K)x = 4sin30? =2kN (F1)y = 4 008307 = 3.464 kN 
(Fa )x = E c0s30* = 0.8660F, (F2)y = F, sin30*=0.5Fz 


4 3 
tard 2)=au o = 43) 
(Rdx = FR (Fr)y =0 


Resultant Force: Summing the force components algebraically along the xand yaxes, 
+ TE(FR)y = EFy; 0=-3.464+ 0.5F, — 3 
F, =12.93kN =12.9kN 


IFR )x = EF o;  Fg =-2+0.8660(12.93)+4 
=13.2kN 
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2-39. Determine the magnitude of F; and its direction 0 
so that the resultant force is directed vertically upward and 
has a magnitude of 800 N. 


Scalar Notation : Suming the force components algebraically, we have 


> h,=ER; F,=0=fsin 9+400%08 30*-600() 
Fsin 0= 133.6 (1 


+T Ey =ER; Fi =800=fcos 9+400sin30*+600() 
Ecos 0 =240 (2) 


Solving Eq.[1] and [2] yields 


9=29.1* FR =275N 
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*240. Determine the magnitude and direction measured 
counterclockwise from the positive x axis of the resultant 
force of the three forces acting on the ring A. Take 
F, = 500 N and O = 20”. 


Scalar Notation : Suming the force components algebraically, we have 


AN = SOOsin 20*-+400cos 30* -600(; ) 
=3742N = 


+T E =ER: ha = 500c0s 20*+ 400sin 30 +600(5) 
=1029,8 N T 


The magnitude of the resultant force Fz is 


> VE + = 437.422 + 1029.82 = 1030.5N =1.03kN  Ans 


The directional angle Ó measured counterclockwise from positive x axis is 


Re y 
6= un n.” —« 1238). Ans 
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e2-41. Determine the magnitude and direction 6 of Fz so 
that the resultant force is directed along the positive y axis 
and has a magnitude of 1500 N. 


Scalar Notation : Suming the force components algebraically, we have 


> FR, = EF; 0 = 700sin 30? — Fa cos O 
F¿cos 0 = 350 (1) 


+1 F, =ER;  1500=700c08 30* + Fi sin 0 
F, sin 0 = 893.8 


Solving Eq.[1] and [2] yields 


0=68.6"”  F,=960N 
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2-42. Determine the magnitude and angle measured 
counterclockwise from the positive y axis of the resultant 
force acting on the bracket if Fg = 600 N and 9 = 20". 


Scalar Notation : Suming the force componens algebraically, we have 


> fa, = ER; fa =700sin 40” —600cos 20” 
=-213.8N = 2138 N + 


+1 F, =ER:  F, =700c0s 30? +600sin 20* 
=8114N Y 


The magnitude of the resultant force F, is 
F =/F +E = (213.87 +811.4 = 839 N Ans 


The directional angle 9 measured counterclockwise from positive y axis is 


Fa 13.8 
CM a NA A 
HP =un E, = un sa)" 14,8" ns 
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2-43. If p=30% and F¡=250lb, determine the 
magnitude of the resultant force acting on the bracket and 
1ts direction measured clockwise from the positive x axis. 


Rectangular Components: By referring to Fig. a, the xand y components of F,, Fz, and F3 can be written as 


(R)y = 25000830 = 216.51 lb (F1)y = 250sin 30= 125 lb 


(Pad -000+)- 240 1b 


pi 3 
= — |=1001b p = 
(Be 260 3) Z F, = 300 lb 
F,= 260 lb 


Resultant Force; Summing the force components algebraically along the xand yaxes, 


LEC Fr)x = EF;  (Fg)y=216.51+ 240- 100= 356.51 lb > 
+ VE(Fg)y =YFy; (Fr), =125-180- 240=-295 lb=2951b 


The magnitude of the resultant force Fp is 


Fr ho + =dasó.si2 + 295” =4631b 


The direction angle 0 of Fz, Fig. b, measured clockwise from the positive xaxis, is 


0= ela] = tn” a)" 39.6" 


(FR)x 356.51 


2 3565) lb 
A 
0 | 


Fa 


dy" 272 lb 
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*2-44. If the magnitude of the resultant force acting on 
the bracket is 400 lb directed along the positive x axis, 
determine the magnitude of F; and its direction q. 


F,= 300 lb 


F,= 260 lb 


Rectangular Components: By referring to Fig. a, the xand y components of F¡, F,, F3, and Fr 
can be written as 


(5), = E oos6 (A), = A sing 


(dy = 200/+)= 24010 
(P3) 2605) =10010 
EA 13 iS 


(Fr)x = 400 1b 
Resultant Force: Summing the force components algebraically along the xand yaxes, 


HI FR)y = EF ¿; 400= F cos +240 — 100 
F cos = 260 


+ Y E(Fr)y = EFy; 0=HFsing — 180— 240 
Á sing = 420 


Solving Eqs. (1) and (2), yields 


f = 58.22 R =4941b 
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e2-45. If the resultant force acting on the bracket is to be 
directed along the positive x axis and the magnitude of F, is 
required to be a minimum, determine the magnitudes of the 
resultant force and F. 


F, = 300 lb 


F,= 260 lb 


Rectangular Components: By referring to Figs. a and b, the x and y components of F;, Fz, F3, and Fp 
can be written as 


(A)x =K cosp (A), =Ásinp 


(Pa); = s0+)- 240 1b 
(Fa); = 2005) =100 lb 
13 


(FR)x = FR 


Resultant Force: Summing the force components algebraically along the xand yaxes, 


+ TE(Fr)y = YFy; 0=Fsing —180- 240 


FER )x = EF¿; Fr =F,cosf + 240— 100 (2) 
By inspecting Eq. (1), we realize that F¡ is minimum when sinf = lor (4 = 90?.Thus, 
KR = 420 lb Ans. 
Substituting these results into Eq. (2), yields 


FR = 140 lb 
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2-46. The three concurrent forces acting on the screw eye 
produce a resultant force Fx = 0. If F) = 5 F¡ and E, is to 
be 90” from F, as shown, determine the required magnitude 
of F, expressed in terms of F, and the angle 6. 


Cartesian Vector Notation : 


F, = cos 60% + sin 60% 
= 0.50F i+0.8660F j 


E, = ¿Aicos 30% <A sin 308] 
=0.5774F1-0.3333Kj 


E, =-£ sin 91 - Rcos 6] 


Resultant Force : 
F, =0=F, +F, +E, 
0 =(0.50F, +0.5774F, - E sin 6)i 
+(0.8660R -0.3333F, - [cos 0) 
Equating i and j components, we have 
0.50F, +0.5774F, - Rsin 0=0 
0.8660F, - 0.3333 - Rcos 0 =0 

Solving Eq.[1] and [2] yields 


9=63.7”  R=120f 


2-47. Determine the magnitude of F', and its direction 0 
so that the resultant force is directed along the positive x 
axis and has a magnitude of 1250 N. 


Scalar Notation : Suming the foros components algebraically, we have 


> hi, =ER;  1250=F,sin 9+800c0s 30* 
E,sin 0 = 557.18 (1 


+T Fa, = ER; 0 = F,cos 6 - 800sin 30? 
F,cos 0 = 400 


Solving Eq.[1] and [2] yields 
954,39 F,=686N 
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*2-48. Determine the magnitude and direction measured 
counterclockwise from the positive x axis of the resultant 
force acting on the ring at O if F¿ = 750 N and O = 45". 


Scalar Notation : Suming the force components algebraically, we have 


S Fa, =LF; Fi =750sin 45*+800c08 30* 
=1223.15N > 


+T FE, =ER; Fi =750c08 45" - 800sin 30* 
=130.33N T 


The magnitude of the resuitant force Fp is 
(RE 
= 4/1223.152+ 130.337 = 1230 N = 1.23 kN Ans 
The directional angle 9 measured counterclockwise from positive x axis is 


4= y =un” 5 = 6.08% Ans 


92-49. Determine the magnitude of the resultant force 
and its direction measured counterclockwise from the 
positive x axis. 


ñ =-0|L (5) =2.00.e b 
Ay 


Ya 


E —0 sin 60%-—70 cos 60% = (- 60.621 — 353) 1 


E, = (-50 j) bb 


Fx = EF = (-103.051 — 42.57 j) lb 


Fa = (103.05? + (4257? = 111lb  Ans 


42.57 
m -i pa o 
ici (ma sd 


8 = 180" +22,4* = 202? 
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2-50. The three forces are applied to the bracket. 
Determine the range of values for the magnitude of force P 


so that the resultant of the three forces does not exceed 
2400 N. 


> Fm = EF,; Fi =P + 800c03 60” - 3000 cos 30” = P - 2198.08 


+ T Fr = EF); Fa, 2 800sin 60? + 3000 sin 30? = 2192.82 


Fa = /(P- 2198.08P + (2192827 S 2400 
(P - 2198.08)* + (2192.82? s (2400)* 

IP — 2198.08] S 975.47 

-975.47 S P — 2198.08 S 975.47 
12226N S P $ 31735N 


122kN < P S 3.17 kN Ans 
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2-51. If F, = 150 N and q = 30", determine the magnitude 
of the resultant force acting on the bracket and its direction 
measured clockwise from the positive x axis. 


Rectangular Components: By referring to Fig. a, the xand y components of F¡, F, and F3 can be written as 


(A)x =150sin30* =75N (R)y = 150008 30= 129.90N 
(Fa )y = 200 


(B), = 


N 
S 
13 


)-.008 — |=240N 
13 


Resultant Force: Summing the force components algebraically along the xand yaxes, 


LI(FR)x= ER; (Fp)=75+200+100=375N > 
+ TE(FR)y = EFy; (Fe)y =129.90-240=-—110.10N =110.01N ) 


The magnitude of the resultant force Fp is 


Fr = Jer e H(FR)y> = 15? +110.10? =391N Ans. 


The direction angle Oof Fp, Fig. b, measured clockwise from the positive xaxis, is 


a mal (Fr) ml HQLO)_ o 
0 = tan [e mn | ]=164 
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*2-52. If the magnitude of the resultant force acting on 
the bracket is to be 450 N directed along the positive u axis, 
determine the magnitude of F; and its direction q. 


Rectangular Components: By referring to Fig. a, the xand y components of F;, F2, F3, and Fp 
can be written as 


(A) = A sing 
(F2), = 200N 


(PB), = 0-5) -1008 


(Fr )x = 45000830” = 389.71N (Fr )y = 450sin 30? = 225 lb 


Resultant Force: Summing the force components algebraically along the xand y axes, 


FR) y = EF¿; 389.71 =F sing + 200+ 100 
K sing = 89.71 
+ Y E(Fr)y = EFy; 225=K 0084 — 240 
K 00s ($ = 465 


Solving Eqs. (1) and (2), yields 


$ =10.99 
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02-53. If the resultant force acting on the bracket is 
required to be a minimum, determine the magnitudes of F; 
and the resultant force. Set p = 30. 


Rectangular Components: By referring to Fig. a, the xand y components of F;, F», and F3 
can be written as 
(K)x = A sin30? =0.5K (5), = E 00830? = 0.86605 
(Ez) = 200 


(B )x = 


N 
EA 
13 


)-:000 


Resultant Force: Summing the force components algebraically along the xand yaxes, 
LE Fr)dx = EE; (Fr)x =05R +200+100 
=0.5K +300 
+ TE(Fr)y = EF y; (Fr) =0.86605 - 240 


The magnitude of the resultant force Fp is 


Fr = Jr AAA ER 
- dkosñ +300)? + (0.8660F; - 240)? 
- (a? — 115.69 + 147600 


Thus, 
Fr? = Fi? —115.69F; + 147 600 


The first derivative of Eq. (2) is 
dFR 
2Fr A = 2K - 115.69 


and the second derivative of Eq. (1) is 


For Fp to be minimum, == = 0.Thus, from Eq. (3) 
1 
2Fg ER - 25 -11569= 0 
aF; 
K =57.84N =578N 


Substituting A =57.84 N and =a = Ointo Eq. (4), 
1 
a, 
—É = 0.0263 >0 
dFi 
Thus, A = 57.84 N produces a minimum Fz . From Eq. (1), 


Fr= ds73sy — 115.69(57.84)+ 147600 = 380 N 
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2-54. Three forces act on the bracket. Determine the 
magnitude and direction 9 of F, so that the resultant force is 
directed along the positive u axis and has a magnitude of 50 Ib. 


Scalar Notation : Suming the force components algebraically, we have 


> F, =ER; 50 cos 25*=80+52( = Je cos (25*+0) 
Ecos (25”+ 0) = -54.684 (1 


+T F, =2E; -SOsin 25*=52(5)- Fin (25*+0 
Esin (25*+ 8) = 69.131 
Solving Eq.(1] and (2) yields 
25%+0=128.35% 9=103% 


K =88.1 lb 
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2-55. If F,=150lb and 0=55%, determine the 
magnitude and direction measured clockwise from the 
positive x axis of the resultant force of the three forces 
acting on the bracket. 


Scalar Notation : Suming the force components algebraically, we have 


Sh =ER: R, =80+52( 3)» 150508 80 
= 126.05 lb > 


+1 =1E; R =52(3)- 150sin 0 
=-99.72 lb=99.721b y 
A F=80 lb 


The magnitude of the resultant force F is — Xx /26-05 Ib 


E = Ri +R = (12605 +99,.78 = 161 lb Ans 


The directional angle 9 measured clockwise from positive x axis is 


O Aus 


*2-56. The three concurrent forces acting on the post 
produce a resultant force Fz = 0. If F), = l F¡, and E, is to 
be 90” from F, as shown, determine the required magnitude 
of F; expressed in terms of F, and the angle 6. 


EF =0; E cos(0 — 90%) = E, 
ER, = 0; E sin(9 — 90%) = E 


mE, 


0 — 90” = 26.57" 


8 = 116,57% = 1177 * 


E 


Só 
— cos(116.57% — 90%) 
E =L10OR 
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e2-57. Determine the magnitude of force F so that the 
resultant force of the three forces is as small as possible. 
What is the magnitude of this smallest resultant force? 


Fai 9 LF: Fay = 8- Foo 45" - 14000 390" 
== 4,1244 - F cos 45" 

+? Fa, EF; Fr, =-Fsin45* +14 sin 30? 
=7-F sin 45* 


Fl == (4,1244 - F cos 45%) +(7=F sin 45% 0) 


ns = 2(-4, 1244 = F 008 45*%)(-c0s 45") +2(7 - F sin 49*)(-sin 49") = 0 


F=203kN  Aas 
From Eq. (1); Fi=7.87kN  Ans 
Also, from tho figure requiro 
(Fada: 20m EF,; F+l4sia15*-8c08 45 0 
F=2.03kN  Ans 
(Fa)y: "LF, +; — Fpul4cos 15" -8 sin 49* 


fi=7.587kN Aus 
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2-58. Express each of the three forces acting on the 
bracket in Cartesian vector form with respect to the x and y 
axes. Determine the magnitude and direction 0 of F; so that 
the resultant force is directed along the positive x” axis and 
has a magnitude of Fz = 600 N. 


F, = (A cos9i + K sin0j) N 

E, = (3501) N 

F, = (-1005) N 

Require, 

Fz = 600 cos30%i + 600-sin30*j 

F, = (519.61 + 3005) N 

E, = EF 

Equating the i and j components yields : 
519.6 = F, cos9 + 350 


K cos0 = 169.6 


300 = K sin 6 — 100 


K sinó = 400 
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2-59. Determine the coordinate angle y for F, and then 
express each force acting on the bracket as a Cartesian 
vector. 


F,= 600 N 


Rectangular Components: Since 005? q, + 005? B7 + 0082y 7 =1, then c0sy 22 = +1 cos245? - 005260? = HS. 
However, itis required that y 7 >90*, thus, Y2 = cos” (-0.5) =120". By resolving F¡ and F» into their x, y, and z 
components, as shown in Figs. a and b, respectively F; and F) can be expressed in Cartesian vector form as 


F¡ = 45000s 45*sin30%- i)+ 45000845" c0s30"(+5) + 450sin45(+k) 
=(-1591+ 276j+ 318k)N Ans. 
F» = 60000545" + 600008 60”j+600c00s 120? k 
= (4241 +300j- 300k) N Ans. 
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*2-60. Determine the magnitude and coordinate direction 
angles of the resultant force acting on the bracket. 


Rectangular Components: Since cos? (2, + cos? 87 + c0s2y7 =1, then cosy 2, = +1 - 008245" — 00s260” =+0,5. 


However, it is required that 0: 7 > 90%, thus, y2 = cos ”1(-0.5)= 120". By resolving F; and F) into their x, y, and z 
components, as shown in Figs. a and b, respectively, F, and F», can be expressed in Cartesian vector form, as 


F, = 45000s 45*sin30%- i)+ 45000845" cos 30" (+5) + 450sin45(+k) 
= (-159,10i+ 275.57j+ 318.20k)N 

F» = 60000545" +600c0s 60”j+600cos 120”k 
=(424i +3005- 300k) N 


Resultant Force: By adding F; and F» vectorally, we obtain Fr . 
Fr =F, +F) 
= (-159.10i + 275.57j+318.20k)+ (424.26 +300j-300k) 
=(265.161+ 575.57] + 18.20k) N 


The magnitude of Fp is 


Pa = E Ey AED 
= 265.10 + 575.57? + 18.20? =633.97N = 634N 


The coordinate direction angles of Fr are 


a = co Ed] o 
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e2-61. Express each force acting on the pipe assembly in 
Cartesian vector form. 


F,= 400 lb 


Rectangular Components: Since cos? 09 + cos? Bo + 0os2y, =1, then c0s $7 =+H-ca? 60? — cos? 120? =+0.7071. 
However, itis required that $8 > 907, thus, $2 = cos” (0.7071)= 45”. By resolving F; and F) into their x, y, and z 
components, as shown in Figs. a and b, respectively, Fi and F>, can be expressed in Cartesian vector form, as 


F¡ = am Jen+03+ 00 Jem 


=[480i+360k ]N 
F = 400c0s60i +40000s 45"j-+40000s 120?k 
=[200+283j— 200k]N 
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2-62. Determine the magnitude and direction of the 
resultant force acting on the pipe assembly. 


F,= 400 lb 


Force Vectors: Since 005.07 +008? Ba +005? y, = l, then c0sy2 2 H- 005260" — cos? 120? =+0.7071. 
However, itis required that y 7 < 90”, thus, Y2 = cos “1 0.7071) = 45". By resolving F; and F> into their x, y, and z 
components, as shown in Figs. a and b, respectively, F¡ and F», can be expressed in Cartesian vector form, as 


F,= 0 < Jun +03+ 003 Jen 


= (4801 +360k) Ib 
F, = 40000560%i +400008 45*j+400c08 120*k 
= (2001+ 282.84] 200k) lb 


Resultant Force: By adding F; and F> vectorally, we obtain Fp . 
Fr =F, +F2 
= (4801 + 360k)+ (2001 + 282.84] 200k) 
=(680i+ 282.84] + 160k) lb 


The magnitude of Fr is 


FR = 07 de HER y HERE 
=l6s0? + 282.84? + 160? = 753.66 lb =754 lb 


The coordinate direction angles of Fr are 
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2-63. The force F acts on the bracket within the octant 
shown. If F = 400 N, 8 = 60%, and y = 45”, determine the 
Xx, y, z components of F. 


Coordinate Direction Angles: Since f£ and yare known, the third angle can 
be determined from 


cos? a +008? B+ c0s*y = 1 


cos? ax +008 2 60% +008? 45%= 1 


cos A =+0.5 


Since F is in the octant shown in Fig. a, 0, must be greater than 90”. Thus, 
a = cos "(-4.5) = 120". 


Rectangular Components: By referring to Fig. a, the x, y, and z components of F can 
be written as 

F, = Focos a: = 400c0s 120? = -200N Ans. 

E, = Foos B = 40000560 = 200N Ans, 

F, = Foosy = 40000s 45” = 283 N Ans. 


The negative sign indicates that F, ¡is directed towards the negative xaxis. 
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*2-64. The force F acts on the bracket within the octant 
shown. If the magnitudes of the x and z components of F 
are F, = 300 N and F, = 600 N, respectively, and 6 = 60", 
determine the magnitude of F and its y component. Also, 
find the coordinate direction angles a and y. 


Rectangular Components: The magnitude of F is given by 
F= E? +E?+F2 


F = 00? +5)? + 6002 


F? = Fy? 4450 000 


The magnitude of F, is given by 
F, = Focos 60? =0.5F 


Solving Egs. (1) and (2) yields 
F =774.60N =775N 
F, =387N 


Coordinate Direction Angles: Since F is contained in the octant so that 
F, is directed towards the negative x axis, the coordinate direction angle 0, 


- —1f _-300 
= — [== 1132 Ans. 
F ) e (==) 
The third coordinate direction angle is 


yu (Er) 92 
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e2-65. The two forces F; and F, acting at A have a 
resultant force of Fr = (—100k) lb. Determine the 
magnitude and coordinate direction angles of E). 


Cartesian Vector Notation : 
Ez = (-100k) lb 


F, = 60(-cos 50%cos 30% +cos $0*sin 30%j- sin 50”k) lb 
= (-33,40i + 19.28j-45.96k) lb 


E, =(8,1+8,3+K,k) lb 


Resultant Force : 
E, =F, +F 
-100k = ((K, -33.40) i+(K, +19.28) j+ (E, -45.96) k) 
Equating i, j and k components, we have 


E, -33.40=0 KR =33.401b 
E,+1928=0 E, =-19.281b 
E, -4596=-100 KR, =-54,041b 


The magnitude of force F, is 


= 33.40% + (-19.28)* + (-54.04)* 


= 66.39 lb =66.4 lb 


The coordinate direction angles for E, are 
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2-66. Determine the coordinate direction angles of the 
force F; and indicate them on the figure. 


Unit Vector For Foce F, : 


Uf, =-<os $0%os 30% + cos SO"sin 30 -sin SO"k 
=-—0.5$67i +0.3214j-0.7660k 


Coordinate Direction Angles : From the unit vector obtained 
above, we have 


cos a=-0.5567 a=14 
cos P=0.3214 — B=x71.3" 
cos y=-0,7660  y=140" 


2-67. The spur gear is subjected to the two forces caused 
by contact with other gears. Express each force as a 
Cartesian vector. 


1 24 
Fi = 5 504- 57(30)k = (14.0J-48.0k) lb 


F, = 180 cos 60%1+ 180 cos 135*j+ 180 cos 60”k 


= [901 127j+90k) Ib Ans 


*2-68. The spur gear is subjected to the two forces caused 
by contact with other gears. Determine the resultant of the 
two forces and express the result as a Cartesian vector. 

F, = 180 lb 
Fiz = 180 cos 607 = 90 


pa 560 + 180 cos 139% =-113 


Fm = 250) + 180 cos 60* =42 


Ez = (901- 113] +42k) lb Ans 


2 Solutions 44918 1/21/09 12:01 PM Page 65 = 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


92-69. If the resultant force acting on the bracket is 
Fr = [-300i + 650j + 250k) N, determine the magnitude 
and coordinate direction angles of F. 


Force Vectors: By resolving F; and F» into their x, y, and z components, as shown in Fig. a. 
F and F» can be expressed in Cartesian vector form as 
F, = 75000845" cos 30(+i)+750008 45*sin 30(+3)+ 750sin45(—k) 
= [459,281 + 265.17j-530.33k]N 
F = F oosoi+ Focos fj+ Foos yk 


Resultant Force: By adding F and F vectorally, we obtain Fg .Thus, 
Fr =F, +F 
—3001 +650j+250k = (459.281 + 265.17] 530.33k ) + (F'00s 9, + FF 0050 yj+ Fcos0,k ) 
-3001 +650+250k = (459.28 + FF c0s0, )i+(265.174+ Foos 0, )j+(Foos 0, —530.33)k 


Equating the i, j, and k components, 
-300 = 459.28+ Fcos a 
F cosa: = 759.28 


650= 265.17 + F cos $ 
F cos $ = 384.83 


250 = F cosy — 530.33 
F cosy =78033 


Squaring and then adding Egs. (1), (2), and (3), yields 
F2(cos? a: + cos? B +005 y) =1 333 518.08 


However, 00s? a: +008? $ + c0s?2y = 1.Thus, from Eq. (4) 
F =1154,78N =1.15kN 


Substituting F= 1154.78 N into Egs. (1), (2), and (3), yields 
a=131> B=75 y =47.5 
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2-70. If the resultant force acting on the bracket is to be 
Fx = (8005) N, determine the magnitude and coordinate 
direction angles of F. 


Force Vectors: By resolving Fj and F into their x, y, and z components, as shown in Figs. band c, 
respectively, Fi and Fcan be expressed in Cartesian vector form as 
F, = 75000545" cos 30(+i)+750008 45”sin 30(+)+ 750sin45(-—k) 
= [459.281 + 265.17j-530.33k]N 
F = Foosoi+ Foos fBj+ Foos yk 


Resultant Force: By adding F, and F vectorally, Figs, a, b, and c, we obtain Fr. Thus, 
Fr =R +F 
800 = (459.28i+ 265.17 530.33k)+(Foos 0i+F cos fj+ Foos yk) 
8005= (459.28+ Foos ar ji + (265.17 + F cos $)j+(Foos y = 530.33)k 


Equating the i, j, and k components, we have 
0 = 459.28 + F) cosa: 
F coso: = 459.28 


800 = 265.17 +F cos $ 
F oos$ = 534.8 


0= F oosy 530.33 
F cosy = 530.33 


Squaring and then adding Egs. (1), (2), and (3), yields 
F2(c0s2a + cos? B +005 y) = 778 235.93 


However, cos? a: +008? [+ cos?y = 1.Thus, from Eq. (4) 
F =882.17N =882N 


Substituting F' = 882.17 N into Egs. (1), (2), and (3), yields 
a=121% B=527 y=3.0* 


z 
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2-11. If a = 120% B< 90%, y = 609, and F = 400 lb, 
determine the magnitude and coordinate direction angles 
of the resultant force acting on the hook. 


Force Vectors: Since cosa + cos” B +008? y = 1, then cos B = +1 1 cos? 120 - cos 260" =30.7071. 
However, itis required that $ < 90*, thus, $ =00s”1(0.7071) = 45”. By resolving F, and F» into their x, y, and 
components, as shown in Figs. a and b, respectively, F and F», can be expressed in Cartesian vector form as 


= 600) 4 | Joso 3h 
ñ o E rp+so(3 | k) 


= (2401 +415.69j-360k) Ib 
F = 400008 120% + 400c0845"j+ 400c0860"k 
= (-2001+ 282.84]+ 200) Ib 


Resultant Force: By adding F; and F vectorally, we obtain Fr . 
Fr =F ¡+F 
= (2401 +415.695- 360k) + (-200i+ 282.84j+200k) 
=(401+ 698,53j- 160k) lb 


The magnitude of Fp is 


E ES 
=ollao)? +(698.53)? +(—160)? =717:741b=718 1b 


The coordinate direction angles of Fp are 
a= cos” [un > (2) = 86.8" 


FR 717.74 
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*2-72. If the resultant force acting on the hook is 
Fz = [-200i + 800j + 150k) lb, determine the magnitude 
and coordinate direction angles of F. 


Force Vectors: By resolving F; and F into their x, y, and z components, as shown in Figs. a and b, 
respectively, F and F» can be expressed in Cartesian vector form as 


4]. 4 3 
F; = co Juncoren+ om Jeocior9+ 600 < Jo 
=(240i + 415.69j-360k Ib 
F = F cosoi+ Focos Bj+ Focos yk 


Resultant Force: By adding F; and F) vectorally, we obtain Fp .Thus, 
Fr =F¡+F 
=200i+800j+ 150k =(240i+415.695=360k )+ (Foos 0,i+ F c0s0 yj+ Fcos 0,k) 
— 200i +800j+ 150k = (240+ Foos 0:)i +(415.69 + F cos B)j+(F cosy —360)k 


Equating the i, j, and k components, we have 
200 = 240+ Foos 0 y 
F cosa: = -440 


800 = 415.69 +F cos fB 
F cos fB = 38431 


150 = Foos y — 360 
F oosy = 510 


Squaring and then adding Egs. (1), (2), and (3), yields 
F?2(c0s%a + cos? f +005 y) = 601392.49 


However, 00s? a; +005? B + 00s?y = 1.Thus, from Eq. (4) 
F =715.49N =T75N 


Substituting F'= 775.49 N into Eqs. (1), (2), and (3), yields 
a =125 B=603% y=489 
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2-73. The shaft S exerts three force components on the 
die D. Find the magnitude and coordinate direction angles 
of the resultant force. Force F, acts within the octant shown. 


F, = 4001 
Then 


Since cos” 60" + cos? B, + cos? 60% = 1 


Fa = FE, +E +F; = 5501 + 52.1] + 270k 


Fa = /(SS0Y + (52.17 + (270% = 6149N =615N Am 


Solving for the positive root, — f¿ = 45" 

E, = 300 cos/60” 1 + 300 cos 45” j + 300 cos 60? k 
= 1501 + 212.1) + 150k 

h 4 

b =z- - =|k 

» * 200()1 + 200(5) 


= -160] + 120k 


2-74. The mast is subjected to the three forces shown. 
Determine the coordinate direction angles ay, B1, y, of 
F, so that the resultant force acting on the mast is 


Fz = (3501) N. 

F, = 500 cosa, i + 500cosB,j + 500 cosy, k 

Fp =F, + (-3005) +(-200k) 

3501 = 500 cosa, 1 + (500 cosB, —- 300)j + (500 cosy, — 200)k 


350 = 500 cosa; a = 45.6 Ans 


0 = 500cosf8, — 300; Br = 53.19 Ans 


0 = 500cosy, — 200; Y, = 66.4? Ans 
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2-75. The mast is subjected to the three forces shown. 
Determine the coordinate direction angles ay, B1, y, of 
F, so that the resultant force acting on the mast is zero. 


F, = (500 cosax, í + 500cosf8,j + 500 cos y, kJ N 


E, = (-200k3 N 

E = (-300)) N 

Fh, =F+E+E=0 
'500cosa, = 0; 
500cosf8, =300; 


500cosy, = 200; 


*2-76. Determine the magnitude and  coordinate 
direction angles of F, so that the resultant of the two forces 
acts along the positive x axis and has a magnitude of 500 N. 


F, = (180 cos 15") sin 60* i + (180 cos 15%) cos 60? J — 180 sin 15" k 


= 150.57 ¡+86.93 j- 46.59 k 
E, = A cos a 1 + F cos f J + Acos ak 
Fa = (5001) N 
F,=F,+E 
¡components : 
500 = 150.57 + F cos 


Fa, =F, cos 7 = 349.43 
Thus, 


R 2/Ri+Rj+RBRi = 1/(349.43) + (-86.93) + (46.597 


R = 363N Ans 


) components : 
0 =86.93 + F, cos fx 


F,, =F cos fj = -86.93 


; . 15.8 — Ans 


0 = -46.59 + Ecos % Ba = 104 Ans 


Fi, =R cos y = 46.59 n=82.6 Ans 
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e2-77. Determine the magnitude and coordinate direction 
angles of E, so that the resultant of the two forces is zero. 


F, = (180008 15") sin 60” 1 + (180 cos 15”) cos 60] - 180 sia 15% k 
= 190.571+86.93 J-46.59 k 
P,= Kco 0 i+Fcos BJ + A cos y k 
h=-0 
l components : k component : 
0 = 150.57 + Fl cos 0 = -46.59 + F, cos Y 


KE cosa = -150.57 KR cos Y = 46.59 


d Fi (190.57) + (-86.93)' + (46.59 


0 = 86.93 + Fr cos Br 


Fi cos Br = -86.93 
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2-78. If the resultant force acting on the bracket is directed 
along the positive y axis, determine the magnitude of the 
resultant force and the coordinate direction angles of F so 
that B < 90". 


Force Vectors: By resolving F¡ and F into their x, y, and z components, as shown in Figs. a and b, 
respectively, F] and Fcan be expressed in Cartesian vector form as 
F, = 600c0s 30”sin30(+1)+600cos 30%0s30 (+) + 600 sin 30(-k) 
=(259.81i+450j- 300k) N 
F = 50000s dá + 50000s fBj+ 500 00s7k 


Since the resultant force Fp is directed towards the positive y axis, then 
Fa = Fri 
Resultant Force: 
Fg =F +F 
Frj =(259.8li+ 4505 - 300k)+ (500c0s 91 +50000s 9, j+500cos 0,k ) 
Frj =(259.81 + 500c0os 02)i +(450+ 500cos B )j+(S00c00sy —300)k 
Egquating the i, j, and k components, 
0= 259.81 + S00oosa: 
a =121.31* =121* 
Fr = 450 + 50000s PB 


0 = 500cos y — 300 
y = 53.13? = 53.19 


However, since cosa: + cos? B +008? y =1, 4 = 121.31, and y = 53.13%, 


os B =+ 01-005? 12131? 00s? 53.13" = 0.6083 


Kf we substitute cos f£ = 0.6083 into Eq. (1), 
Fh = 450 + 500(0.6083) = 754 N 


B = cos”? (0.6083) = 52.5" 
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2-79. Specify the magnitude of Fz and its coordinate 
direction angles az, B3, yz so that the resultant force 


Fz = (95) kN. 


F, = 12c0s 30” j — 12 sin 30” k = 10.392) - 6k 


12 5 
= -=(10)i+ = a Ñ : 
E, = - ¿(01 + (10)k = -9.2311 + 3.846k 


Require 
Fr = FE, +E +E); 
10,392 j - 6k - 9.2311 + 3.846 k + E, 
9.2311 — 1.3925 + 2.154k 
Hence, 


FR =9.581kN =9.58kN  Ans 
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*2-80. If F =9kN,0 = 30, and q = 45”, determine the 
magnitude and coordinate direction angles of the resultant 
force acting on the ball-and-socket joint. 


Force Vectors: By resolving F;, F2 and F3 into their x, y, and 2 components, as shown in Figs. 
respectively, Fi, F> and F3 can be expressed in Cartesian vector form as 
F, = 1000s 60”sin30%-1)+ 1000560? cos30" (+5) + 10 sin 60(—k) 
=(-2.5i+ 4.3305 -— 8.660k) kN 


F) = do Oj+ (Hao 
=[(4.8i+ 6.4k)kN 


F3 = 900s 45"sin30 (+1) + 900545”00530" (-j) + 9sin 45(-k) 
=(3.182i- 5.51 1j-—6.364k) kN 


Resultant Force: By adding F,, F, and Fx vectorally, we obtain Fg. Thus, 
Fr =F; +F) +F; 
= (2.5i4+4.3305-— 8.660k) + (4.81+ 6.4k)+ (3.182i-—5.511j- 6.364k) 
= (4.118i-—1.181j-8.624k) kN 


The magnitude of Fp is 


E [EVA AE 
=l4.118)? +(-1.181)? +(8.624)? = 9.630 kN =9.63kN Ans. 


The coordinate direction angles of F 
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e2-81. The pole is subjected to the force F, which has 
components acting along the x, y, z axes as shown. If the 
magnitude of F is 3 kN, 8 = 30%, and y = 75”, determine 
the magnitudes of its three components. 


cos a + cos” B + cos” y = 1 


cos” + cos? 30% + cos? 75% = 1 


a = 64,67" 
E, = 3 c0864.67” = 1.28 kN 
E, = 3 00830" = 2.60 kN 


E = 3 c0875” = 0.776 kN 


2-82. The pole is subjected to the force F which has 
components F, = 15kN and F,= 1.25kN. If B = 73", 
determine the magnitudes of F and F,. 


cos? a + cos? B + cos? y = 1 


1.5 125? 
(5 + cotas (E) 


F = 2,02 kN 


E, = 2.02 cos75” = 0.523 kN 
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2-83. “Three forces act on the ring. If the resultant force Fp 
has a magnitude and direction as shown, determine the 
magnitude and the coordinate direction angles of force Fx. 


Cartesian Vector Notation : 


F, = 120(cos 45*sin 30% +cos 45%cos 309] + sin 45%k) N 
= (42.431 +73.48j+84.85k) N 


4 
F, = so( 51 JN = (64.01 + 48.0k) N 


F, = (-110k) N 


F,= (8,1+5 ,j+5,k) N 
Resultant Force : 


Fz =F, +F,+F 
(42.431 +73,48j + 84.85k) 
= ((64.0+B,)1+R, J+(48.0-110+R,)k) 
Equating i, j and k components, we have 


64.0+F, =42.43 E, =-21.57N 
E, =73.48N 
48.0-110+K, =84.85 — B,=14685N 


The magnitude of force F, is 


R= VE +5 + 
a /(-21.57)* +73,481 + 146.85 


= 165.62 N = 166 N 
The coordinate direction angles for F, are 


05 21:57 
-.. 165.62 


*2-84. Determine the coordinate direction angles of F;, 
and Fp. 


Unit Vector of F, and F, : 
F,=110N 


u 4,2 0.81 + 0.6k 
17 $ $ e! la! 


uz, =Cos 45"sin 30% +cos 45%cos 30%] + sin 45"k 
=0.3536i +0.6124j+0.7071k 


Thus, the coordinale direction angles F; and Fp are 
cos Af, =0.8 As, = 36.9 
cos Y5 =0.6 Ys, = 53.1" 


cos Az =0.3536 a =69.3" 
cos B =0.6124 fp =52.2* 
cos Y =0.7071 yz =45.0* 
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e2-85. Two forces F, and E, act on the bolt. If the resultant 
force Fz has a magnitude of 50 lb and coordinate direction 
angles a = 110? and f£ = 80%, as shown, determine the 
magnitude of F, and its coordinate direction angles. 


(1)? = cos* 110” + cos” 80” + cos” y 
y = 157.44" 

F=-EFE>+E 

50 cos110” = (B), 

50 cos80” = (E), 


$0 cos157.44? = (E), — 20 


(B), = -17.10 


(8) = 368 


(B), = -26.17 


Y (17.10)? + (8.68)? + (-26.17)2 = 32.4 lb 


1,1710 7 
= canos Y E Ans 
cos” ( 324 ) = 122 


BB 
= C08 GE = 74,5 


-26.17 


= o 
2?) A 


= cos” 


2-86. Determine the position vector r directed from point 
A to point B and the length of cord AB.Take z = 4m. 


Position Vector: The coordinates for points Aand B are A(3, 0, 2) m and B(0, 6,4) m, 
respectively. Thus, 
Tag = (0-3)5+(6—0)j+(4-—2)k 
=(3i+6j+2k) m 


The length of cord ABis 


TAR =ks?+62+2? =7m 
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2-87. If the cord AB is 7.5 m long, determine the 
coordinate position +2 of point B 


Position Vector: The coordinates for points Aand B are A(3, O, 2) m and B(0O, 6,:)m, 
respectively. Thus, 
Tag = (0-3)+(6-0)j+ (2 -—2)k 
=(3i+6j+(2-2)k) m 


Since the length of cord is equal to the magnitude of ryg , then 


ras =75= da + +27 


56.25= 45 +(2-2)? 
3- 2=-3,354 
z=535m 


*2-88. Determine the distance between the end points A 
and B on the wire by first formulating a position vector 
from A to B and then determining its magnitude. 


ras = (8 sin 60” — (-3 sin 30?)) 1 + (8 cos 60? - 3 cos 30)] + (-2 - 1)k 


fas = (8.4281 + 1.402) - 3 k) in. 


ra = /(8.428Y + (1.402) + (3P = 9.06 in. Ans 
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e2-89. Determine the magnitude and  coordinate 
direction angles of the resultant force acting at A. 


Unit Vectors: The coordinate points A, B,and C are shown in Fig. a. Thus, 
(3=-0)i+(3= 0)j+ (2.5 -4)k 


uz - Zo 
'B de-o” +(-3-0)? +(2.5- 4)? 


2, 2,1 
=3 13143 
E _ Q-Oi+(4- Oj+(0-4)k 


CC de-o?+(4-0 +(0- 4)? 
1. de 2 
=qi+hj-Zk 
3033 


uc = 


Force Vectors: Multiplying the magnitude of the force with its unit vector, we have 


2.2.1 
Fg = Fgug 00d 5i- 4-3 )-c0001-a005-2004) lb 


Fe = ue = 19231092521) (250 500 - 500k) lb 


Fr = Fg +Fc = 4001 - 400] 200k + 250i+ 500 500k 
Fp =1650i+ 100j-700Kk) Ib 


Fn = (650? + 1007 + 700)? = 960 1b 


la 
B(3,-3,25)H 


Fc= 750 lb 
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2-90. Determine the magnitude and coordinate direction 
angles of the resultant force. 


tas = [-2j- 4 k)jm;  ríg =4.472m 


mia (52) = — 0,447] - 0.894 k 
FAB 


Fis = 600 ura = (- 268.33 j - 536.66 k)N 


Tac = (41 + 6j- 4 kjm; rc =8.246m 


uc > (Es) = 0.4851 + 0.728] - 0.485 k 
Fac 


Fic = $S0ua1c = (242.541 + 363.80] - 242.54 k)N 
Fr = Es + Fac 


= (242.541 + 95.47] - 779.20k) 


a /(242.54P + (95.472 + (779.20 =821.64 = 822 N 
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2-91. Determine the magnitude and coordinate direction 
angles of the resultant force acting at A. 


Force Vectors: The unit vectors u g and uc of Fg and Fc must be determined first. From Fig. a 
(4.5sin45* =0)i+(-4.500545" = 0)j+(0=6)k 
(4.5sin45* 0)? + (4.5005 450)? + (0-6)? 
= 0.4243 — 0.4243j-0.8k 
in > E _ (23-0)+(-6- 0)j+(0-6)k 
rc ks- 0?+(6-0)7? +(0-6)? 


1. 2. 2 
== dk 


ug -B - 
TB 


Thus, the force vectors Fg and F( are given by 
Fg = Fu g = 900(0.4243i — 0.4243j-0.8k)=(381.84i—381.84 j-720k)N 


Fc = uc = cm -q1-51-hn)= ooo - 400j-400k3N 


Resultant Force: 


Fz =Fp +Fc =(381.84i- 381.84 j—720k)+(-200i-400]-— 400k) 
=(181.84i-781.84- 1120k) N 


The magnitude of Fp is 


Fr = Jr AER) y HERA 
=Ja31.84)? +(-781.84)? +(-1120)? =1377.95 N =1.38kN 


The coordinate direction angles of Fp are 


FR 1377.95 


X= co [0]. co )- 82.42 
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*2-92. Determine the magnitude and coordinate direction 
angles of the resultant force. 


F > - 100) sin 4o*1 + 1005) cos 40* y > 100(5) x 
= (-38.5671 + 45.963] - 80k) lb 


4 
9 


cha 


E, = 8100( 


= (36 ¡-63j- 36k )lb 


Fph =F, +E = (-2.567i - 17.04] - 116.0k) lb 


Fa = /(2.567) +(-17.04) +(-116.0 = 117.27 lb=1171b  Ans 


(2567) 01 40 
a=cos 3) 91.3% Ans 


Baco (27% 


«emm | qe 
m3) Pus AO 


Le am 


2-93. The chandelier is supported by three chains which 
are concurrent at point O. If the force in each chain has a 
magnitude of 60 lb, express each force as a Cartesian vector 
and determine the magnitude and coordinate direction 
angles of the resultant force. 


(4 cos 30% i — 4 sin 30? j — 6k) 


y (4 cos 30% + (-45in 30? + 6) 


= (28.81 —16.6j — 49.9 k) lb Aus 


E, = 60 


(4003 30 i — 4sin 30" j - 6k) 


y 4 cos 30% + —4sin30 + (- 62 


= (-28.81 -16.6j - 49.9k)Ib  Ans 


Ey = 60 


60 43-65) 


(49 +60 


(33.3j — 49.9 k) lb “Ans 


Fc 


Fr = FE, + 13 + Fe = (-149,8.k) lb 
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2-94. The chandelier is supported by three chains which 
are concurrent at point O. If the resultant force at O has a 
magnitude of 130 lb and is directed along the negative z axis, 
determine the force in each chain. 


Fe = FÁISW. - 05547 Fj - 0.8321 F k 


y + (6)? 


E, = Es = Fc 


Fa = ER;  130=3(0.8321 F) 


F=521lp  Ans 


2-95. Express force F as a Cartesian vector; then 
determine its coordinate direction angles. 


Unit Vector : The coordinates of point A are F=135 lb Á 
10 ft 


A (-10cos 70*sin 30?, l0cos 70”cos 30”, 1Osin 70?) ft 400 l 


=A(-1.710, 2.962, 9.397) ft 30 


/ 


Then 
Tas = [[5-(-1.710)]i+(-7-2.962)j+(0-9.397)k) ft 
= (6.7101 -9.962j-9,397k) ft 


ras = /6.710%+ (-9.962)* + (-9.397)* = 15.250 ft 


mun a az . 6.7101 9.962] -9.397k 
as 15.250 


= 0,4400i -0.6532)-0.6162k 
Force Vector : 


F = Fuya = 135(0.44001 -0.6532j-0.6162k) lb 
= (59.4i — 88.2) -83.2k) lb Ans 


Coordinate Direction Angles : From the unit vector u,¿g Obtained 
above, we have 


cos e = 0,4400 a=63.9 
cos f)=-0.6532 B=131* 
cos y = 0.6162 y = 128" 
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*2-96. The tower is held in place by three cables. If the 
force of each cable acting on the tower is shown, determine 
the magnitude and coordinate direction angles «a, B, y of 
the resultant force. Take x = 20 m, y = 15m. 


E a Eb + Fog + Foc 


2 


= (321.661 — 16.82) — 1466.71k) N 


Faz = 1(321.66)2 + (-16.82)2 + (-1466.71)2 


= 1501.66 N = 1.50 kN Ans 
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2-97. The door is held opened by means of two chains. If 
the tension in AB and CD is F¿ = 300N and F¿ = 250 N, 
respectively, express each of these forces in Cartesian 
vector form. 


Unit Vector : First determine the position vector r ¿y and fcp. The coordinates of 
points A and Care 


A[O, =(1+1.Scos 309), 1.Ssin 30%] m=A(0, -2.299, 0.750) m 
C[-2.50, -(1 + 1.5cos 30%), 1.Ssin 3009] m = C(-2.50, -2.299, 0.750) m 


Then 


tas = ((0-0)1+[0-(-2.299)]J+(0-0.750)k) m 
= (2.299) -0.750k) m 


ras = 2.299 +(-0.750)* =2.418 m 


2.299) -0.750k 
— -0.3101k 
2418 = 0.9507 -0. 


rep = ([-0.5- (-2.5)]i+[0-(-2.299)]J+(0-0.750)k) m 
= (2.001 +2,299j-0.750k) m 


Fep= 2.002 + 2.2992 + (0.750) = 3.138 m 


Fco , 2.0014 2.2994-0.750k _ 0 £373140.7326)-0.2390k 


Up *—= 


Tco 3.138 


Force Vector : 


E, = F,U4a = 300(0.9507)-0.3101k) N 
= (285.21j-93.04k) N 
= (285)-93.0k) N 


F¿ = F-Ucp = 250(0.63731+0.7326j-0.2390k) N 
= (159.331 + 183,15) - 59.75k) N 
= (1591 +183)-39.7k) N 


2-98. The guy wires are used to support the telephone 
pole. Represent the force in each wire in Cartesian vector 
form. Neglect the diameter of the pole. 


Unit Vector : 


tac = [(-1-0)1+(4-0)j+(0-4)k) m= (-11+4j-4k) m Force Vector: 


tac = Ey +42 + (4) = 5.745 m E, = FU, c = 250(-0.17411+0.6963/-0.6963k) N 
e A ran + 0.6963) 0.6963% = (-43.524 + 174.08) - 174.08k) N 
5.745 a (-43.51 +174)-174k) N 


Tao = ((2-0)i+(-3-0)j+(0-5.5)k) m= (2-3)-5.5k) m E, = jugo = 175(0.20411-0.4562)-0.8363k) N 


ro = /B+(-I +(-5.5)* = 6.576 m = (53.224 -79.83/- 146.36k) N 


-3- = (53. -79.8)- 146k) N 
ia ze .= cl A 2 0.30411-0.4562)-0.8363k 
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2-99. "Two cables are used to secure the overhang boom in 
position and support the 1500-N load. If the resultant force 
is directed along the boom from point A towards O, 
determine the magnitudes of the resultant force and forces 
F, and F¿.Setx = 3mandz = 2m. 


Force Vectors: The unit vectors u g and uc must be determined first. From Fig. a, 


mp = 32 CR ORAO- ONEGOk__ 2, 6,3, 
a q. 7 


'B le-+0-0+6-0? 
0 = E ¿0 0- 6)j+(2 —0)k 2 £1921 
IC 46-07? +(0-6)?+(2- 0)? 
Thus, the force vectors Fg and Fc are given by 
2 6 3 
Fg =Fgu y =-5Fpi-7Fpj+ 5 Fpk 
3 6 2 
Ec = Rue =2Fri-Fej+ Z Fek 
o e 
Since the resultant force F is directed along the negative y axis, and the 
load W is directed along the zaxis, these two forces can be written as 


Fa =-Fri and W =[-1500k] N 


Resultant Force: The vector addition of Fg , Fc, and W is equal to Fg.Thus, 
Fr =Fg +Fc +W 


2 6 3 3 6 2 
rada [Gra ran) ect Eros Gro) 1500k) 


2 3 6 6 3 2 h 
-Fpj=|- > ue => ZE -1500 
Fri ( 758 +3ro Jo 7 FB ro) Gro +3 


Equating the i, j, and k components, 


2 3 
0O==Z Fs +=F, 
7 B 7 C 


6. 6 
Fe =-5 FB -5 FC 


3 2 
== =F( - 1500 
78 +5 FC 1 


Solving Egs. (1), (2), and (3) yields 
Fc = 1615.38N =1.62 kN 
Fig = 2423.08 N =2.42kN 
Fr = 3461.53N =3.46kN 
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*2-100. Two cables are used to secure the overhang boom 
in position and support the 1500-N load. If the resultant 
force is directed along the boom from point A towards O, 
determine the values of x and z for the coordinates of point 
C and the magnitude of the resultant force. Set 
Fy = 1610 N and F¿ = 2400 N. 


Force Vectors: From Fig. a, 


_ (2-0i+(0-6)j+(3-0k_ __2, 6,3 
Ñ =p 5k 


(2-0)? +(0-6)? +(3-0)? 
(x-Oi+(0-6)j+(3-0)k _ 


x 6 z 
= i- j+ - k 
leo +0 + 6-07 17-226 E + 2+ 
2.6, 3 
Fp = Fgug = 15 31 hh) [-460i— 13805 +690k]N 


6 - 
Fc =fcu -200 - i- j+ - 
Ñ a Le+2 +36 d2+ +36 Le+ 22 +36 £(3,0,2)m 


14 400 


0 ja 200: 
ds d+ 2,3 d+ 236 


Since the resultant force F is directed along the negative y axis, and the load 
is directed along the zaxis, these two forces can be written as 


Fr =-—Frij and W =|[-1500k] N 
Resultant Force: 


Fr =Fg +Fc + W 


—Fpj= (-460i- 13805+690k ) + == | + (-1500k) 
2 +:22436 2+:024+36 


— ok 


+:24+36 


Dividing Eq. (1) by Eq. (3), yields 
x= 0.5679: 

Substituting Eq. (4) into Eq. (1), and solving 
7=2.197m=2.20m 

Substituting 3 = 2.197 m into Eq. (4), yields 
x=1,248m=1.25m 

Substituting x = 1.248 m and : = 2.197 m into Eq. (2), yields 
Fr = 3591.85 N =3.59 kN 
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.e2-101. The cable 40 exerts a force on the top of the pole 
of F = (—120i — 905 — 80kj lb. If the cable has a length of 
34 ft, determine the height z of the pole and the location 
(x, y) of its base. 


F » /(-120)* +(-90)* +(-80)* = 170 1b 


10, 90,00 
F 170 170 170 


r= Mu = (-241 - 18j- 16k) ft 
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2-102. If the force in each chain has a magnitude of 450 lb, 
determine the magnitude and coordinate direction angles 
of the resultant force. 


Force Vectors: The unit vectors u 4, u g, and uc must be determined first. From Fig. a, 
(-3sin 30? = 0)i + (300830? = 0)j+(0-7)k 


3sin30* 0)? +(3c0s 3020)? +(0-7)? 


y CE IIA 19704 03411J-0.9191k 


(3sin30* 0)? +(-300s 30 — 0)? +(0- 7)? 
q = EDI Dj+(0-Dk 


3-0? +(0-0) +(0- 7? 


up4= = 0.1970i+0.3411j-— 0.9191k 


= 0.3939i — 0.9191k 


Thus, the force vectors F4 , Fg , and Fc are given by 
Fa = F4u a = 450(0.19701+ 0.341 1j—0.9191k) = (-88.63i+ 153.51j-413.62k) lb 
Fg = Fgu g = 450(-0.19701— 0.341 1j—0.9191k) =(-88.63i — 153.51j-—413.62k) Ib 
Fc = Reucr = 450(0.3939i —0.9191k) =£177.26i -413.62k) lb 

Resultant Force: 


Fr =Fa +Fp +Fc = (-88.63i+ 153.51] -413.62k) +(-88.63i- 153.51j-413.62k)+(177.261- 413.62k) 
=(-1240.85k) lb 


The magnitude of Fp is 


E RE 
= [0 + 0? +(-1240.85)? = 1240.85 lb =1.24 kip 


The coordinate direction angles of Fp are 
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2-103. If the resultant of the three forces is 
Fx = (-900k) lb, determine the magnitude of the force in 
each chain. 


Force Vectors: The unit vectors u 4 , U g, and uc must be determined first. From Fig. a, 
(sin 30? — 0)i + (3005 30? — 0)j+(0—7)k 


u,= = 4.1970i+0.3411j-— 0.9191k 
Le sin 302 0)? +(3c0s 30 -0)? +(0-7)? 


ón 0 HS 30 OIT 19704 -0.34113-0.9191k 
(3 sin302 — 0)? + (3008 302 — 0)? +(0- 7)? 
_ (3-0)i+(0- 0)j+(0—7)k 


uc 
de-o? +(0-0) +(0- 7)? 


Thus, the force vectors F4 , Fg, and Fc are given by 
F, = Fu A = 0.1970F4i+ 0.3411F4 j-0.9191F¿k 
Fg = Fgu g = 0.1970Fgi— 0.341 1Fgj-0.9191Fgk 
Fc = Fur =0.3939Fci-—0.9191F¿k 


ug= 


= 0.3939i — 0.9191k 


Resultant Force: The vector addition of F4 , Fg, and Fc is equal to Fx. Thus, 
Fr =Fa +Fp +Fc 
—900k = (-0.1970F4 i+0.3411F4 j—0.9191F4 k)+ (-0.1970 Fgi— 0.3411F g j-0.9191Fg k)+ (0.3939Fci-0.9191F¿ k) 
—900k = (-0.1970F, —0.1970Fg +0.3939 FR; )i+(0.3411F4 — 0.341 1Fg )j+ (-0.9191F4 —0.9191Fg — 0.9191K- )k 


Equating the i, j, and k components, 
0 = -0.1970F, —0.1970Fg + 0.3939Fc 
0 = 0.3411F4 -0.3411Fp 
—900k = -0.9191F4 — 0.9191Fp — 0.9191Fc 


Solving Egs. (1), (2), and (3), yields 
Fa =Fg = R =3261b 
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*2-104. The antenna tower is supported by three cables. If 
the forces of these cables acting on the antenna are 
Fg= 520N, F¿= 680N, and Fp = 560 N, determine the 
magnitude and coordinate direction angles of the resultant 
force acting at A. 


)- s20(-24- y) = -200) - 480k 


16, 18, 24 
a UD) = 3201+ 360) - 480k 


)- - 240 1+ 160] - 480 k 
28 


= EF = (801 + 320] -1440k) N 
F, = /(80F + (320P + E 1440" = 1477.3 = 1.48kN Ans 


a= e) = 86.9 Anos 
1477.3 


B= co (5) =775 Anos 
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e2-105. If the force in each cable tied to the bin is 70 lb, 


determine the magnitude and coordinate direction angles 
of the resultant force. 


Force Vectors: The unit vectors a 4, u g, uc andu y of Fa, Fg, Fc and F,) must be determined first. 
From Fig. a, 


14 - B-Di+(2-0)j+(0-6k__3 


e il 
A de6-0?+(2-0?+(0-6)? 


(3-0)i+(2- 0)j+(0 —6)k 


3.2. 6 
nt Sj-=k 
le-0?+02-0? +(0- y? 77? 


«2 
lSs-02+(2-02+(0-62 ? ? 7? 
(30M 2 4+(0-6)k___3, 2. 6, 
a E 
3-0?+(2-0+(0-6) 


Thus, the force vectors Fy , Fg, Fc and Fp are given by 


F, =FBa 1315-51) 1000- 20- 60k]1b 


Fp = Fpug 10349 21-51) 001 20- 60k] Ib 

> 3.2.6 

C = Kuc = ei SR = [-30i+20j- 60k] lb 
Ep =f0p 1 31-74 4)- [-301-20]- 60k]1b 


Resultant Force: 


Fa =Fa +Fp +Fc +Fp = (301-20j- 60k)+(301+ 20 - 60k)+(-301+20j-—60k)+(-30i— 20j- 60k) 
=(-240k) N 


The magnitude of Fx is 
Fa = 077 e HER) HERE 
=4/0+ 0+(-240)? = 240 1b 


The coordinate direction angles of Fp are 


A (3, -2, 0) 


E p(320H 
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2-106. If the resultant of the four forces is 
Fz = ([-360k) lb, determine the tension developed in 
each cable. Due to symmetry, the tension in the four cables 
is the same. 


Force Vectors: The unit vectors u 4, u g, uc andu y of F4, Fp, Fc and Fy must be determined first. 
From Fig. a, 
_Ta _  (3-0)+(-2- 0)j+(0-6)k 


UA = —.= 
la ds o+(2-02+(0- 6)? 
rg _ G-0i+Q-O)j+(0-69k_ _3,,2 
"B Je- 0? +(2- 0)? +(0-6)? 
(3- 0)i+(2- 0)j+(0-6)k 


(3-0? +(2-0)?+(0- 6)? 
_rp_ (3-Oi+(2-Qj+(0-6k___3, 


up 
mM des-0+2-02+(0-6?  ? 


Since the magnitudes of F4 , Fg, Fc and Fp are the same and denoted as F, they can be written as 


me 
7 


3.2.6 
Fi, =F1Ua = 7i-7i-7k 


3,.2, 6 
Fp = Fgug ES 


3..2,. 6 
Fc = uc 1-15 Ex) 


3 2 6 
= =Fl-=i-“i-=k 
Fp = Fpup rl J1- 33-35 ] 


Resultant Force: The vector addition of F4 , Fg, Fc and Fp is equal to Ff. Thus, 
Fr =F, +Fg+Fc +Fp 


O da ds 


F =1051b 
D(-3,-2,0)f* 


n/>S El-3,2,0)ft 
7 E 


í  p(320H 
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2-107. The pipe is supported at its end by a cord AB. If the 
cord exerts a force of F = 12 1b on the pipe at A, express 
this force as a Cartesian vector. 


Unit Vector : The coordinates of point A are 


A(S, 3cos 20”, —3sin 20”) ft=A(5.00, 2.819, - 1.026) fe 


Then 
Fra = [(0-5.00)i+(0-2.819)j+[6-(-1.026)]k) ft 
= (-5.001 -2.819)+7.026k) ft 


ras = V(=5.00)* + (-2.819)* +7.0262 = 9.073 ft 


ras  -5.00i-2.819)+7.026k 
YU E a E—_—— 
Tas 9.073 


=-4.5511i-0.3107]+0.7744k 


Force Vector: 


F = Fuza = 12(-0.5511i -0.3107j+0.7744k) lb 
= (-6.61i 3.73) +9.29k) 1b 


*2-108. The load at A creates a force of 200 N in wire AB. 
Express this force as a Cartesian vector, acting on A and 
directed towards B. 


ras = (1sin30” —0)i + (1cos30? -0)] + (2-0)k 
= (0.51 + 0.866 j + 2k)m 


ra 2 y (0.5? + (0.866? + (09 = 2.236 m 


as (22) = 0.22361 + 0.3873) + 0.8944 k 


F = 200049 = (44.71 +77.5)+ 179k)N . As 
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22-109. The cylindrical plate is subjected to the three cable 
forces which are concurrent at point D. Express each force 
which the cables exert on the plate as a Cartesian vector, 
and determine the magnitude and coordinate direction 
angles of the resultant force. 


fa = (0-0.791+ (0-0) +(3—0O)k = (-0.751+0)+3 k) m 


Pa m y (0.759 +01 +32 = 3.0923 m Fr = E, +Fs + Fe 


E = (2) (27 2) =(-1,4552 1+ 5.8209 k) + (0.9701 i- 1.6803 j+7.7611k) 
a 3.0923 
+(0.85751+0.8575 j+4.8507 k) 


= (1.4552 1+ 5.8209 k) kN 
(0.3724 1-0.8228 J + 18.4327 k) kN 


Fa = (0.3724)? +(-0.8228)? +(18.4327) 


== 18,4548 kN = 18.5 kN 


= (-1.461+5.82 k) kN Ans 
re =[0-(-0.75 sin 45*)]1+[0-(-0.75 cos 45”)]J+(3-0)k 


= (0.5303 1+0.5303 J+3 k) m 
Fr _ 0.37241-0.8228)+ 18.4327x 


re = /(0.5303)2 +(0.5303)2 +37 = 3.0923 m 18.4548 


3 0.020181-0. 

lo» (22) (enbonos +3 *) > 04459)+0.9988k 
rc 3.0923 

= (0.85751+0.8575 j+4.8507 k) kN is ep 


= (0.8571+0.857J+4.85 k) kN Ans cosB = -0.04458 B=92.6 


= 0.9988 a 
o =[0-(-0.75 sin 30”)]1+(0-0.75 cos30”)y +(3-—0)k cos y y=2.81 
= (0.3751-0.6495 J+3 k) m 


ra = /(0.375)? +(-0.6495P +3 = 3.0923 m 


(Poesia ;) 
3.0923 


n-n(2)e 


= (0.97011- 1.6803) +7.7611k) kN 


= (0.9701- 1.68)+7.76k) kN 
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2-110. The cable attached to the shear-leg derrick exerts a 
force on the derrick of F = 350 lb. Express this force as a 
Cartesian vector. 


Unit Vector : The coordinates of point B are 


B(SOsin 30*, $0cos 30”, 0) ft=B(25.0, 43.301, 0) fe 


ras = ((25.0-0)1+(43.301 -0)J+(0-35)k) ft 
= (25.01 +43.301)-35.0k) ft 


ras = 125.02 +43.3012 +(-35.0)* = 61.033 ft 


a ras - 25.04 + 43.301] - 35.0k 


TAB 61.033 
= 0,4096 +0.7094j-—0.5735k 


Force Vector : 


F = Fu, = 350(0.40961 +0.7094]-0.5735k) lb 
= (1431 +248j-201k) lb 


2-111. Given the three vectors A, B, and D, show that 
A-(B + D) = (A:B) + (A-D). 


Since the component of (B + D) is equal to the sum of the components of B and D, then 
A-(B+D) = A:B+A-D (QED) 

Also, 

A-(B+D) = (Ai +A] + Ak) :[(B, + DyJi + (B, +D,)] + (B, + D,Jk] 


= A(B, + D,) + 4, (B,+D,) + A(B, + D,) 


=(4,B, + 48, + AB)+ (AD, + 4,D,+ AD) 


= (A-B) + (A-D) (QED) 
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*2-112. Determine the projected component of the force 
Fag = 560 N acting along cable AC. Express the result as a 
Cartesian vector. 


Force Vectors: The unit vectors u yg and u yc must be determined first. From Fig. a, 
(-1.5- 0)i+(0-Dj+(1-0k_ __3. 6. 2 


5 i-Sj+5k 
(15-072 +(0-3)2+(1-0)? 


E 7 
.e A (1.5 -0)i+(0-— 3)j+(3-0)k 


1 
da.s-0)?+(0-3+(3-0? ? 


Thus, the force vector Fyg is given by ' 


A 
Fap = Fap UAB 2 56d 31-59 Ta ) ¡coso 09051604 ]N 


Vector Dot Product: The magnitude of the projected component of Fag is 


3" 3 


«co 2)oca() of) 


= 346.67 N 


Eadac =Fag "Uac = (2401 - 480)+ 1504) (q1-25+2x) 


Thus, (Fag )ac expressed in Cartesian vector form is 


Fagdac = (Fapdac UA = 2060) q1-h4+ 1) 


= [1161 - 231j+231k]N 
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e2-113. Determine the magnitudes of the components of 
force F = 56 N acting along and perpendicular to line AO. 


Unit Vectors: The unit vectors u ¿y and u ¿y must be determined first. From Fig. a, 
ran _ [0= (15) +(0-Dj+(2-Dk _3, 6, 2 


up =2= ==1-214+4k 
"AD ho 1507 +0-32+0-0? ES 


[0-15 $+(0- 3j+(0-Dk__ 3, 


Thus, the force vector F ¡is given by 


F=Fupp 50 Hi + 7a)- P4i—48j+ 16k]N 


Vector Dot Product: The magnitude of the projected component of F parallel to line AO is 
3,6, 2 
=F. = (24i-48j+16k). =i-—j-=k 
(Fao )paral nao =( j+ (3 73 2) 


-oe)ocaf-3).003 


=46.86 N = 46.9 N 


The component of F perpendicular to line AO is 


(Eao )per = fr? — (FAO) paral 
= ls? - 4686? 


=30.7N 
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2-114. Determine the length of side BC of the triangular 
plate. Solve the problem by finding the magnitude of rya; 
then check the result by first finding 6, r,g, and rc and 
then using the cosine law. 


toc =(31+2j-4k) m 


me=/0F+QP+(4) 25.39m  Ans 


Also, 


tac =[31+4j-1k) m 


tac = (07 +(47 + (1! = 5.0990 m 


ra =(2j+3k) m 


ras = /QY +(3Y = 3.6056 m 


Fac: Tas =0+4(2) + (-1)(3) = 5 


On con (memna) a 
FACTAD (3.0990)(3.6056) 


074,219 


rac = /(5.0990 + (3.6056) - 2(5.0990)(3.6056) cos 74.219? 


Pac = 5.39 m Ans 
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2-115. Determine the magnitudes of the components of 
F = 600 N acting along and perpendicular to segment DE 
of the pipe assembly. 


Unit Vectors: The unit vectors u gg and u gy must be determined first. From Fig. a, 
reg _ (0=4)+(2-5)j+[0-(-2)]k 


Us == = -0.7428i —0.55713+0.3714k 
TEB 2 2 2 
o_4) +(2- 5)" +[0-(-2)] 


UE =-j 


Thus, the force vector F is given by 
F = Fu gg = 600 -0.7428i— 0.5571j+0.3714k)= [-445.661— 334.25j+ 222.83k] N 


Vector Dot Product: The magnitude of the component of F parallel to segment DE of the pipe assembly 
is 


(Fep )paras =F «UD = (445.661 - 334.25] + 222.83k)- (-j) 
=(-445.66X0) + (-334.25X-1)+(222.83X.0) 
=334.25= 334N 


The component of F perpendicular to segment DE of the pipe assembly is 


(FED per = [52 — (Eg Jparal? = Í600? - 33425? =498N 


— WED E(4,5,-2)m 
(0) 
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*2-116. Two forces act on the hook. Determine the angle 
0 between them. Also, what are the projections of F, and F, 
along the y axis? 


F, = 600cos 120” i + 600 cos 60” j + 600 cos 45* k 
= - 3001 + 300] + 4243k; F, = 600N 


E, = 1201+90j-80k; A = 170N 


F, - E. = (- 300) (120) + (300) (90) +(424.3) (- 80) = - 42944 


-l ( - 42 944 
(170) (600) 


) = 115 Ans 


F) = (120i + 90 — 80kjN 


Fi, = Fi -j = (300)(1) = 300N  Ans 


R, =E -j=(9)(1) = 9N  Ans 


e2-117. Two forces act on the hook. Determine the 
magnitude of the projection of F, along F|. 


F) = (120i + 90 — 80kjN 


u, = cos 120% 4 + cos 60? j + cos 45* k 
ProjF, = Fr - u, = (120) (cos 120”) + (90) (cos 60”) + (-80) (cos 45") 


[Prof |= 716N  Ans 
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2-118. Determine the projection of force F = 80 N along 
line BC. Express the result as a Cartesian vector. 


(2- 2i+(0-2)j+ (1.5 —0)k 


=p = 2 LADO DOS 0 4 
o de- 2 +0-23+15- 07 

e O O A 
YC dia-27 +(0-2)?+(0- 0)? 


Thus, the force vector F is given by 


F= Fa pp= ad -£5+21)- L-64j+48k]N 


Vector Dot Product: The magnitude of the projected component of F along line BC is 


Fac =F-u e = (-64j+48k) -(0.7071i- 0.7071) 
= (00.7071)+ (-64X-0.7071)+ 48(0) 


=45.25 = 45.2 N 


The component of F gr can be expressed in Cartesian vector form as 
Fac = Fac (u pe )= 45.25(0.7071i — 0.7071j) 
=(32i-32j) N 
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2-119. The clamp is used on a jig. If the vertical force 
acting on the bolt is F = (—500k]) N, determine the 
magnitudes of its components F; and E, which act along the 
OA axis and perpendicular to it. 


Unit Vector : The unit vector along OA axis is 


ei -2 


EE: 


Projected Component of F Along OA Axis : 


_ L0-20)1+(0-40)j+(0-40)k __1 2 
3 


-o(3)-o(3)ecso3) 
= 333.33 N = 333 N Ans 


Component of F Perpendicular to OA Axis : Since the magnitude of 
force F is F= 500 N so that 


E =/F-R2/00-3333% = 373 N 
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*2-120. Determine the magnitude of the projected 
component of force F, y acting along the z axis. 


Unit Vector: The unit vector u ¿g must be determined first. From Fig. a, 
(18= 0)i + (-12= 0)j+(0=36)k 


(18-07? +(-12-0)? +(0- 36)? 


3. 2. 6 
=odo7t 


Thus, the force vector F¿g is given by 
6 


Faro =FaB UAB =70( 31-34-51 )= 00120036001) lb 


Vector Dot Product: The projected component of F¿g along the axis is 
(Fág d. = Fag -k = (3001 -200j-— 600k)- k 
=-600 Ib 


The negative sign indicates that (Fyg ), is directed towards the negative z axis. Thus 


(Fag )¿ = 600 1b Ans. 
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e2-121. Determine the magnitude of the projected 
component of force Fc acting along the z axis. 


Unit Vector: The unit vector u yc must be determined first. From Fig. a, 
MAC (12sin30? = 0)i + (12005307 - 0)j+(0 -36)k 


uA = 
TAC 2 sin30" oy? +(1200s 30? —0)? +(0- 36)? 


Thus, the force vector F yc is given by 
Fac = Fac uac = 600(0.1581i +0.27395—0.9487k) =194.87i + 164.32 —569.21k)N 


=0.1581i+0.27395-0.9487k 


Vector Dot Product: The projected component of Fyc along the : axis is 
(Fac). =Fac -k = (94.87i+ 164.325 569.21k).- k 
=-569 lb 
The negative sign indicates that (Fac ), is directed towards the negative : axis. Thus 


(Fac ); = 5691b Ans, 
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2-122. Determine the projection of force F = 400N 
acting along line AC of the pipe assembly. Express the result 
as a Cartesian vector. 


Force and unit Vector: The force vector F and unit vector 4 gc must be determined first. 
From Fig. (a) 
F = 400(- 00545” sin30%i +00s 45008 30?j+ sin45"k ) 
=(-141.42i+244.95j+282.84k) 


Vector Dot Product: The magnitude of the projected component of F along line AC is 
Ex =F-00= (ia121+2953+282:04x) | 21921) 


= (-141.42X0)+ 20494 2). 22:24 >) 


= 365.66 lb 


Thus, Fic written in Cartesian vector form is 


4. 3 
Fac =Facuac =365. T5+21)-000+ 219k)1b 
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2-123. Determine the magnitudes of the components of 
force F =400 N acting parallel and perpendicular to 
segment BC of the pipe assembly. 


Force Vector: The force vector F must be determined first. From Fig. a, 
F = 400(- c0s 45” sin30%1i + 00s 45008 30?j+ sin45%k ) 
=(-141.42i + 244.95] + 282.84k) N 


Vector Dot Product: By inspecting Fig. (a) we notice that u gc =  Thus, the magnitude of the 
component of F parallel to segment BC of the pipe assembly is 
(Fac Jparal =F «3 =(-141.42i+244.95j+282.84k)-j 
= —141.42(0)+ 244.931) +282.84(0) 
= 244.95 lb =245N Ans. 


The magnitude of the component of F perpendicular to segment BC of the pipe assembly can be 
determined from 


(Fac )per = [F?- crac Disk = (400 - 24495? =316N — Ans 
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*2-124. Cable OA is used to support column OB. 
Determine the angle 0 it makes with beam OC. 


Unit Vector : 


Uoc = li 


(4-0)1+(8-0)j+(-8-0)k 
(4-0)? +(8-0)* +(-8-0)* 


1.2.2 
MIE 
peo; 


The Angle” Between Two Vectors 0: 


oc "oa = (11) (33 1(3)-0)-5 


1 
8=cos"* (Uoc "uox) =cos* 3 =70.5" 


e2-125. Cable OA is used to support column OB. 
Determine the angle q it makes with beam OD. 


Unit Vector : 


op = -sin 30% +cos 30%j = -0.5i +0.8660j 


(4-0)i+(8-0)j+(-8-0)k 


o a + (8-0 + (8-07 


The Angles Between Two Vectors $: 
1.2 2 
op "on =(-0.51+0.6609 -(¿1+3)-3 


=(-09(3)+(0.1660,(5)+0(-5) 
=0.4107 


$ =cos"* (op Yo) = cos” * 0.4107 = 65.8 
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2-126. The cables each exert a force of 400 N on the post. 
Determine the magnitude of the projected component of F; 
along the line of action of E). 


Force Vector : 


us, = sin 35%cos 20% - sin 35*sin 20” +c0s 35%k 
=0.53901 -0. 1962)+0.8192k 


F, = Ruz = 400(0.53901 -0.1962)+0.8192k) N 
= (215.591 -78.47)+327.66k) N 


Unit Vector : The unit vector along the line of action of F, is 


ug =Cos 45% +cos 60”j+c0s 120”k 
=0.7071i+0.5j-—0.5k 


Projected Component of F, Along Line of Action of E, : 
(B)g =F ug = (215.59 -78.47j+327.66k) - (0.7071i +0.5j-—0.5k) 
= (215.59) (0.7071) +(-78.47) (0.5) + (327.66) (-0.5) 
=-50.6 N 


Negative sign indicates that the force component (F; )y 306 in the opposite sense 
of direction to that of ug . 


tus the magnitude is (F; ) y, = 50.6 N 


2-127. Determine the angle 9 between the two cables 
attached to the post. 


Unit Vector : 


uy = sin 35*cos 20% — sin 35*sin 20*+c0s 35"k 
=0.53901 -0.1962]+0.8192k 


ug =00s 45% +cos 60*j+cos 120”k 
=0.7071i +0.5j-0.5k 


The Angle: Between Two Vectors 0: The dot product of two unit 
vectors must be determined first. 


= (0.5390 -0. 1962j+0.8192k) -(0.70711+0.5] —0.5k) 
= 0.5390(0.7071) +(-0.1962) (0.5) +0.8192(-0.5) 
= 0.1265 


us Un 


8 =cos"* (uy, -uz,) =cos"* (0.1265) = 97.3% 
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*2-128. A force of F = 80N is applied to the handle of 
the wrench. Determine the angle O between the tail of the 
force and the handle AB. 


up =-cos 90”sin 45%+cos 30%cos 45% + sin 30%k 


= 4.6124 i+0,6124 j+0.5 k 


Wa =-j, 


cosÓ = us - Us = (0.6124 ¡+0.6124 j+0.5 k) - (—j) 
= 0.6124 


0 = 128" 


22-129. Determine the angle 0 between cables AB and AC. 


Position Vector : 


Tas = ((0-15)i+(3-0)j+(8—0)k) ft 
= (-151+3j+8k) fe 


Fac = ((0- 15)i+(-8-0)j+(12-0)k) ft 
= (-15i-—8j+12k) ft 


The magnitudes of the postion vectors are 


Tao = VIS + 482 = 17.263 fi 
tac = (15) +(-8)* + 122 = 20.809 fi 


The Angle: Between Two Vectors 0: 


as "Tac = (—15i+3j+8k) - (-15i -8j+ 12k) 
= (-15) (-15) +(3) (-8) + 8(12) 
=297 fé 


a 297 
[ 17.263(20.809) 


Jo342 Ans 
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2-130. If F has a magnitude of 55 lb, determine the 
magnitude of its projected components acting along the x 
axis and along cable AC. 


Force Vector : 


- (0-15)i+(3-0)j+(8-0)k 


YU E AAA 
y(0- 15)? + (3-0)? +(8-0)? 


= 0.8689 + 0.1738 +0.4634k 


F = Fuya = 55(-0.8689i +0.1738j+0.4634k) lb 
= (-47.7911 +9.558j+25.489k) lb 


Unit Vector : The unit vector along negative x axis and AC are 
u, =-li 


- (0- 15)i+(-8-0)j+(12-0)k 


e (O 15)7+(=8-0) +(12-0)* 


= 0.7209 - 0.3845] +0.5767k 
Projected Component of E : 


E =F-u, = (-47.791i+9.558j+25.489k) - (-14) 
= (47.791) (-1) +9.558(0) +25.489(0) 
= 47.8 lb Ans 


Esc =F «UC = (-47.791i +9.558+25.489) - (-0.7209 -0.3845]+0.5767k) 
= (-47.791) (0.7209) + (9.558) (-0.3845) +(25.489) (0.5767) 
=45.5 lb Ans 


2-131. Determine the magnitudes of the projected 
components of the force F = 300 N acting along the x and 
y axes. 


Force Vector: The force vector F must be determined first. From Fig. a, 
F = -300sin30*sin 30% + 300c0530?j+ 300sin30? cos 30?k 
= [7751 + 259.81j+ 129.90k]N 


Vector Dot Product: The magnitudes of the projected component of F along the x and y axes are 
F, =F -i= (-7514+ 259.81j+129.90k) -¡ 
=-7X1) +259.81(0) + 129.90(0) 
=-75N 
F, =F -j =(-751+259.81j+ 129.90k )- j 
=-75(0) + 259.81(1) + 129.90(0) 
=260N 


The negative sign indicates that F, ¡is directed towards the negative xaxis. Thus 


F,= 260 N 
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*2-132. Determine the magnitude of the projected 
component of the force F = 300 N acting along line OA. 


Force and unit Vector: The force vector F and unit vector uy, must be determined first. 
From Fig. (a) 
F = -300sin30?sin 30%) + 300c0830?j+ 300sin30* cos 30”k) 
=(-75i+259.81j+ 129.90 k3N 


uo, = 504. - 045 D1+(03=0)3+ (0.2598 0%_ — 07514 0.5)+ 0.4330k 
TOA 0.45 —0)? +(0.3— 0)? +(0.2598 — 0)? 
Vector Dot Product: The magnitude of the projected component of F along line OA is 
Foa =F -Uu0A =(-75i+ 259.81j+ 129.90k)- (-0.75i+0.5j-+0.4330k) 


=(-75X-0.75)+259.81(0.5) + 129.90(0.4330) 
=242N 


A [-(03+035/n30%, 0.3, 0.3Cos20"] m 


= 20:45, 003) 025758 )m 


XA 
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e2-133. “Two cables exert forces on the pipe. Determine 
the magnitude of the projected component of F, along the 
line of action of E). 


Force Vector : 


u,, = cos 30*sin 30% +cos 30*cos 30%] — sin 30%k 
= 0.43301 +0.75j—0.5k 


F, = uz = 30(0.43301 +0.75)-0.5k) lb 
= (12.901 +22.5)-15.0k) lb 


Unit Vector : One can obtain the angle a = 135? for E, using Eq.2-$. 
cos*a+cos*B+cos*y = 1, with B= 60? and y = 60”. The unit vector along the 
line of action of R, is 


ug = cos 135% +00s 60”j+c03 60%k = -0,7071i +0. 5j+0. Sk 
Projected Component of F, Along the Line of Action of E, : 
(R)g =F, +04 = (12.9901+ 22.3) - 15.0k) - (-0.70714 +0. 5] +0.5k) 
== (12,990) (-0.7071) + (22.5) (0.5) + (-15.0) (0.5) 


= 5,44 lb 


Negative sign indicates that the projectod component (F, ), acts in (re opposite 
sense of direction to hal of ug. 


The magninsde is Fa = 5.44 hb. 


2-134. Determine the angle O between the two cables 
attached to the pipe. 


The Angles Between Two Vectors 8: 
ug Ug =(0.43301 +0.73)-0.5k) -(-0.70711+0.5)+0.5k) 


=0.43390(-0.7071) +0.75(0.5) + (-0.5)(0.5) 
=-0.1812 


8 = cos* (a -u5) =c0s"! (-0.1812) a 100? 


Unit Vector: 


us, = cos 30*sin 30% + cos 30%c0s 30] - sin 30"k 
=0.43301 +0.75j 0, 5k 


ug =Cos 135% +c05 60”]+008 60”k 
=-0,7071á+0.5)+0.5k 
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2-135. Determine the x and y components of the 700-Ib 
force. 


F, = -700c0s 30” = -606lb  Ans 


F, = 700 sin 30” = 350 Ib Ans 
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*2-136. Determine the magnitude of the projected 
component of the 100-lb force acting along the axis BC of 
the pipe. 


Force Vector : 


_ (0-6)i+(12-4)j+(0-(-2)]k 


y (0-6)? +(12-4)?+[0-(-2)]* 


= -0.58831 +0.7845j+0.1961k ( 
C F=1001lb 


F = Fuep = 100(-0.5883i +0.7845]+0.1961k) 
= (-58.8351 +78.446]+ 19.612k) lb 


Unit Vector : The unit vector along CB is 


- L0-6)1+(0-4)J+10—(-2)Ik 
0-0 + (0-4 +[0- DY 
= -0.8018i 0.5345) +0.2673k 


Uca 


Projected Component of F Along CB : 


Fog = F -Uca = (-58.8351 + 78.446] + 19.612k) - (-0.80181 —0.5345]+0.2673k) 
= (-58.835) (0.8018) + (78.446) (-0.5345) + (19.612) (0.2673) 
= 10.5 lb Ans 


e2-137. Determine the angle 9 between pipe segments 
BA and BC. 


F=1001b 


Position Vector : 
aa = (31) fi 


Fac = ((6-0)i+(4-0)3+(-2-0)k) fi 
= (61+4j-2k) 


The magnitudes of the posñion vectors are 


ros =3.00%  ro=/8+4+(-2) =7.483 


The Angle. Between Two Vectors 0: 


Par “Tac = (-31) e (6 +4j-2k) 
= (-3) (6) +(0)(4) +0(-2) 
=-18.0 fé 


0 e ce] 


Tea Tac 3.00(7.483) 
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2-138. Determine the magnitude and direction of the 
resultant Fz = F, + F) + F3 of the three forces by first 
finding the resultant F' = F; + Fz and then forming 
F;, = F' + E,. Specify its direction measured counter- 
clockwise from the positive x axis. 


F* = /(80P + (50? - 2(80X50) cos 105% = 104,7 N 


sm _ sinl0S”. Ñ 
$0 - 1047" dx 47.54 


Fa = /(104,79 + (759% — 2(104.7X75) cos 162.46? 


fa =177.7= 178N — Ans 


sinf _ sin162.46 


03 m7. 4102 


0 = 73 + 10.23% = 85,2? Ans 


= 42-54" 
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2-139. Determine the design angle O (0 < 90%) between 
the two struts so that the 500-lb horizontal force has a 
component of 600 lb directed from A toward C. What is the 
component of force acting along member BA? 


The parallelogram law of addition and the triangular rule are shown in Figs. a and b. 


Applying the law of cosines to Fig. b, 


Fr = [5007 + 600? - A.500X600)00s 20? 


=214.91 Ib=2151b 


Applying the law of sines to Fig. b and using this result yields 
0 =52.7" 
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*2-140. Determine the magnitude and direction of the 
smallest force Fz so that the resultant force of all three 
forces has a magnitude of 20 lb. 


E, ís minimum : 


A =20-|F, + Bl 


E +B= (s+ 10 (5))1+ (10 (5) = 111+8) 


IR + E l=/1F7E 2 13.001 


02 (5) = 36.0% — Ans 


Thus 


(Bain = 20 - 13.601 =6.40b  Ans 
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22-141. Resolve the 250-N force into components acting 
along the u and v axes and determine the magnitudes of 
these components. 


F, = 186N Ans 


F, = 98.7 N Anos 


2-142. Cable AB exerts a force of 80 N on the end of the 
3-m-long boom OA. Determine the magnitude of the 
projection of this force along the boom. 


Vector Analysis : 


2) 2-3) 


= -241- 41.57] + 64k 


uso = - cos 60” i- sin60”J = - 0.51 - 0.866] 


RF = E- uo = (-24)(-0.5) + (- 41.57) (-0.866) +(64J0= 48.0N  Ans 


Scalar Anaysis : 


Angle OAB = twun”' 6) a 53,19 


Proj F = S0cos 53.13" = 48.0N  Ans 


119 


2 Solutions 44918 1/21/09 12:02 PM Page 120 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


2-143. The three supporting cables exert the forces shown 
on the sign. Represent each force as a Cartesian vector. 


Unu Vector : 


ras =((0-5)i+(2-0)3+(3-0)k) m= (-Si+2j+3k) m 
Tas = V(-5) +22 +32 = 6.164 m 


-Si+2+3k 
= HA =-0.8111i+0.3244)+0.4867k 


Tac = 1(0-5)i+(-2-0)j+(3-0)k) m= (-Si -2j+3k) m 


ac = VS? +(-2) +3 = 6.164 m 
Tac -Si - 2j+3k 


= 0.8111 - 0,3244] +0.4367k 


Uuc=— 


fac 6.164 


Fog = [(0-2)i+(0-0)j+(3-0)k) m= (-21+3k) m 


Tog = Y (-2)* +32 = 3.605 m 


Ur TY 
05” —0.5547i +0.8321k 


Force Vector : 


F, = F¿U,a = 400(-0.8111i+0.3244j+0.4867k) N 
= (-324.44i+ 129.78)+ 194.67k) N 
= (-3241+ 130+ 195k) N 


F¿ = Fea = 400(-0.811 14 -0.3244j+0.4867k) N 
= (-324,44i- 129.78) + 194.67k) N 
= (-324i- 130)+ 195k) N 


Fz = F¿Upg = 350(-0.55471+0.8321k) N 
= (-194.151+291.22k) N 
= (-1944+291k) N 
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e3-1. Determine the force in each cord for equilibrium of 
the 200-kg crate. Cord BC remains horizontal due to the 
roller at C,and AB has a length of 1.5 m. Set y = 0.75 m. 


Geometry: From the geometry of the figure, 
0 = it 22)- 30% 
1.5 


Equations of Equilibrium: Applying the equations of equilibrium to the free - body diagram in Fig. (a), 
+ TER, =0 Fga sin30-200(9.81)=0  Fp4 =3924N =3.92kN Ans. 
E _2F, =0; 3924 cos 30” — Fer =0 Fc = 3398.28 N = 3.40 kN Ans. 


200(9 81) N 
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3-2. If the 1.5-m-long cord AB can withstand a maximum 
force of 3500 N, determine the force in cord BC and the 
distance y so that the 200-kg crate can be supported. 


Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the free - body diagram in Fig. (a), 


+ TER, =0 3500sin6 — 200(9.81) =0 9 =34.10 
3500008 34.10—Fgc =0 Fic =289837N =2.90kN 


y = 1.5sin34.10” = 0.841 m = 841 mm Ans. 


20078!) 
(4) 
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33. Ifthe mass of the girder is 3 Mg and its center of mass 
is located at point G, determine the tension developed in 
cables AB, BC, and BD for equilibrium. 


Equations of Equilibrium: The girder is suspended from cable AB. In order to meet the conditions of 
equilibrium the tensile force developed in cable AB must be equal to the weight of the girder. Thus, 
Fag = 3000(9.81) = 29 430N = 29.43 kN =29.4 kN Ans. 


Applying the equations of equilibrium along the.x and y axes to the free - body diagram in Fig. (a), 
1, =0; Fp sin30?— Fc sin45* = (1) 
+ TER, =0 29.43 Figp 00830" — Fac 00845" = 0) 


Solving Eqs. (1) and (2), yields 
Fac = 15.2kN Fgp = 21.5 kN 
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*34, If cables BD and BC can withstand a maximum 
tensile force of 20 kN, determine the maximum mass of the 
girder that can be suspended from cable AB so that neither 
cable will fail. The center of mass of the girder is located at 
point G. 


Equations of Equilibrium: The girder is suspended from cable AB. In order to meet the conditions of 
equilibrium the tensile force developed in cable AB must be equal to the weight of the girder. Thus, 
Fag = m(9.81)= 9.8lm Ans. 


Applying the equations of equilibrium along thex and yaxes to the free - body diagram in Fig. (a), 


Fgp sin30” — Fgc sin45” = 0 
Fgp = 14142 Fac (1) 
+ TER, =0, 9.81m — Fpp cos 30? — F gg cos 45 =0 2) 


Since Fgp > Fc , cable BD will break before cable BC. Substituting Fgp = 20 000 N into Eq. (1), 
Fac = 14142.14N 


Substituting this result into Eq. (2), yields 
9.81m —20 000 cos30* — 14 142,14c0545” = 0 
m =2785 kg =2.78 Mg 
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e3-5. The members of a truss are connected to the gusset 
plate. If the forces are concurrent at point O, determine the 
magnitudes of F and T for equilibrium. Take 9 = 30". 


DER =0; -Tcos30 +8 + $Ssin45 =0 


T =1332= 13.3kN Ans 


+TER =0; F- 1332sin30* — Scos45 = 0 


F = 10.2 kN Ans 


3-6. The gusset plate is subjected to the forces of four 
members. Determine the force in member B and its proper 
orientation O for equilibrium. The forces are concurrent at 


point O. Take F = 12 kN. 


SIR =0; 8-Tcos89 + 5sin45” = 


+TER =0; 12-Tsin0- 500545 = 0 


Solving, 
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3-7. The towing pendant AB is subjected to the force of 
50 kN exerted by a tugboat. Determine the force in each of 
the bridles, BC and BD, if the ship is moving forward with 
constant velocity. 


SER =0 Tresin30” - Tap sin 20” = 0 


+T EF, =0; Tac cos 30" + Tip cos 20? — SO = C 


Solving. 
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*3-8, Members AC and AB support the 300-lb crate. 
Determine the tensile force developed in each member. 


Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the free - body diagram in Fig. (a), 


Fap cosas" - Fac 2)-0 Mm 


+ TER, =0 Fag sin45*+ Fac | +)-300=0 


Solving Eqs. (1) and (2), yields 
Fac = 214 1b Fag =1821b 
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e3-9. If members AC and AB can support a maximum 
tension of 300 lb and 250 lb, respectively, determine the 
largest weight of the crate that can be safely supported. 


Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the free - body diagram in Fig. (a), 


Fag cosás"- Fac 3)=0 Mm 


+ TER, =0 FaB sinaso+ Fac | Í)-w=0 (2) 


Assuming that rod AB will break first, Fyg = 250 Ib. Substituting this value into Eqs. (1) and (2), 


Fac = 294.63 lb 
W = 412 1b 


Since Fac = 294.631b < 300 lb, rod AC will not break as assumed. 
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3-10. The members of a truss are connected to the gusset 
plate. If the forces are concurrent at point O, determine the 
magnitudes of F and T for equilibrium. Take 9 = 90". 


“(5) 2 53.13 


DIR =0 Too 5.13 - e (3) =0 


+TIF, =0 9-Tsin$313* - r(5) =0 


s 


3-11. The gusset plate is subjected to the forces of three 
members. Determine the tension force in member C and its 
angle 0 for equilibrium. The forces are concurrent at point O. 
Take F = 8 kN. 


SIR =0 Toos9- (5) =0 (1) 


+TEFR =0 9-8 (5) - Tang =0 o) 


Rearrange then divide Eq. (1) into Eq. (2) : 


tn $ = 0.656, $ = 33.27 


T=7.66kN — Anos 


0.» u(3) =70.1% Ame 
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*3-12. Ifblock B weighs 200 lb and block C weighs 100 lb, 
determine the required weight of block D and the angle 0 
for equilibrium. 


Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the 
free - body diagram shown in Fig. (4), 


E 3F, =0; 10000830” — 200c0s0 = 0 
0 = 64.34? = 64.3" 


Using this result and writing the equation of equilibrium along the yaxis, yields 
+ VER, =0 100sin 30? +200sin 64.34” — Wp = 0 
Wp = 230 lb 
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e3-13. Ifblock D weighs 300 Ib and block B weighs 275 lb, 
determine the required weight of block C and the angle 0 
for equilibrium. 


Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the 
free - body diagram shown in Fig. (a), 


+, XF, =0; W¿ cos 30? —275c0s 0 = 0 
+ TER, =0 We sin 30? +275sin 0 —-300= 0 


Solving Eqs. (1) and (2), yields 
9 =40.9 We = 240 lb 


Wh =300 lb 
(4) 
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3-14. Determine the stretch in springs AC and AB for 
equilibrium of the 2-kg block. The springs are shown in 
the equilibrium position. 


Ep = U9.81) = x¿p(40) 


Xap = 0.4905 m 


SER =0; 


+ EE =0; 


3-15. The unstretched length of spring AB is 3 m. If the 
block is held in the equilibrium position shown, determine 


the mass of the block at D. 


Toos45* - E) =0 
T=67.88N 
w +67.88sin 45*+605)= 0 
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*3-16. Determine the tension developed in wires CA and 
CB required for equilibrium of the 10-kg cylinder. Take 
9 = 40". 


Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the 
free- body diagram shown in Fig. (a), 


+ _Y1P, = 0; F(3 00840? — Fry cos 30” =0 (1) 
+ VER, =0 F(g sin40? + Fey sin30”-10(9.81)=0 (2) 


Solving Eqs. (1) and (2), yields 
Fc, = 80.0N Fqg =90.4N 
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e3-17. If cable CB is subjected to a tension that is twice 
that of cable CA, determine the angle 0 for equilibrium of 
the 10-kg cylinder. Also, what are the tensions in wires CA 


and CB? 


Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes, 


+ xr, =0, Faz 0080 — Fey cos 30”=0 (1) 
+ VER, =0 F(z sinó + Fc sin30?-—10(9.81) = 0 


However, it is required that 


Solving Eqs. (1) and (2), yields 
0 = 64,3" 


10(9.81) N' 
(2) 
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3-18. Determine the forces in cables AC and AB needed 
to hold the 20-kg ball D in equilibrium. Take F = 300 N 
and d = 1m. 


Equations of Equilibrium : 


4 


sam mol) 


QG2ATE, y +0.8944F, ¿ = 300 


E] 1 
+ TER =0, É (Fr) ey )-1062=0 


0.7809F, y +0.4472F, ¿ = 196.2 


Solving Eqs. [1] and [2] yields 


Flo =98.6N Fic =267N 


2cc981)=1962 N 
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3-19. The ball D has a mass of 20 kg. If a force of F = 100 N 
is applied horizontally to the ring at A, determine the 
dimension d so that the force in cable AC'is zero. 


Equations of Equilibrium : 
SER =0;  100-F,cos9=0  Figcos 9= 100 
+TER =0;  Figsin0-1962=0  Figsinó=1962 


Solving Eqs.[1] and (2) yields 


=220.21N 
AECA 20(981)=196:2 N 


From the geometry, 


d+1.5= 2tan 62.992 
du 2.42 m 
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*3-20. Determine the tension developed in each wire 
used to support the 50-kg chandelier. 


Equations of Equilibrium: First, we will apply the equations of equilibrium along the xand y axes to the 
free - body diagram of joint D shown in Fig. (a). 


Ir, =0; Fgp cos 30 — Fgp cos 45” = 0 (1) 
+ TER, =0 Fep sin30*+ Fgp sin45”- 509.81) =0 (2) 


Solving Eqs. (1) and (2), yields 
Fcp = 359N Fp = 439,.77N = 440N Ans. 


Using the result Fgpy = 439.77 N and applying the equations of equilibrium along the xand y axes to the 
free - body diagram of joint B shown in Fig. (b), 


+ TER, =0 sin30? — 439.77sin45"= 0 
= 621.93N = 622N 


+439.77 008 45” — 621.93 00830? = 0 
= 228N 


50(98/)N 


(a) 
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e3-21. Ifthe tension developed in each of the four wires is 
not allowed to exceed 600 N, determine the maximum mass 
of the chandelier that can be supported. 


Equations of Equilibrium: First, we will apply the equation of equilibrium along the xand y axes to the 
free - body diagram of joint D shown in Fig. (a). 


+ IF, =0; Fep 0os 30? — Fgp cos 45" = 0 9) 
+ TER, =0, Fep sin30? + Fgp sin4S"— m(9.81)=0 (2) 


Solving Egs. (1) and (2), yields 
Fcp =7.1814m Fpp =8.7954m 


Using the result Fgp = 8.7954m and applying the equation of equilibrium along the x and y axes to the 
free - body diagram of joint B shown in Fig. (b), 
+ TER, =0 Fag sin30" 8.7954 msin45” =0 
Fag =12.4386m 
+, EF, =0; Fac +8.7954m0os 45? - 12.4386m cos 30? = 0 
Fac = 4.5528m 


From this result, notice that cable AB ¡is subjected to the greatest tensile force. Thus, it will achieve the 
maximum allowable tensile force first. 

Fag = 600 = 12.4386m 

m = 48.2 kg 
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53-22. A vertical force P = 10 lb is applied to the ends of 
the 2-ft cord AB and spring AC. If the spring has an 
unstretched length of 2 ft, determine the angle 0 for 
equilibrium. Take k = 15 lb/ft. 


SER =0 FEco$-Tcos0=0 


+T ER =0; Tsin0 + E sing-10= 0 
s = /(4% + Q-2(6)12)cos0 2/5-4c0s0 —2 
F, = ks = 2k/5-4c0s8 -1) 


208. 2(3-(aso) 
From Eq. (1):  T= (25) 


cos 9 ATM 


159 


T= 2(/3740008 - ES 100 /3740088 —1 


From Eq. (2): ? 5-4c0s0 


24 /5=4c0s8 —1)(2-c080) - Setk'= 15 1b/A 


tand + 


y5-4cos0 Solving for 6 by trial and error, 


(Y5-4c0s0 -1) 7 8 = 35.0 Ans 
Qtnd — sin9 + sin6) = 


5-4c0s0 
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3-23. Determine the unstretched length of spring AC if a 
force P = 80 1b causes the angle O = 60” for equilibrium. 
Cord AB is 2 ft long. Take k = 50 Ib/ft. 


1= /EÍZ ADM coso 


+TER, =0; — Tsin60* + Esin30* - 80 = 0 


DIR =0;  -Tcos60” + E,cos30* = 0 
Solving for F,, 


F, = 40 1b 
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*3-24. If the bucket weighs 50 lb, determine the tension 
developed in each of the wires. 


Equations of Equilibrium: First, we will apply the equation of equilibrium along the xand y axes to the 
free - body diagram of joint E shown in Fig. (a). 


3 
+ XF, =0; Fep cos 307 =p | 2)=0 (1 


+ TER, =0 Fan sin30*+ Fen[ $)-s0=0 


Solving Eqs. (1) and (2), yields 
Fep = 30.2 1b Feg = 43.61 lb = 43.6 lb Ans. 


Using the result Fgg = 43.61 lb and applying the equation of equilibrium to the free - body diagram of joint B 
shown in Fig. (b), 
+ TER, =0 Fac sinso”- 435 $)=0 


Fac = 69.78 lb = 69.8 lb 


69.78c08 30 +43 3) Fig 0 


Fga =86.61b 
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e3-25. Determine the maximum weight of the bucket that 
the wire system can support so that no single wire develops 
a tension exceeding 100 lb. 


Equations of Equilibriam: First, we will apply the equations of equilibrium along the xand yaxes to the 
free - body diagram of joint E shown in Fig. (a). 


+ AF, =0; Ep cus30 rea [2)=0 0 


+ TER, =0 Pen sin30*+ Fog <)-w=0 


Solving, 
Feg = 0.8723W Fep = 0.6043W 


Using the result Fez =0.8723W and applying the equations of equilibrium to the free - body diagram of joint B 
shown in Fig. (b), 
+VER,=0 Fac snso”- ora $)=0 


Fac = 1.3957W 


+2, =0; 13957 cos 30*+0.9723w | 3)- Faq =0 


Fax =1.7320W 


From these results, notice that wire RA is subjected to the greatest tensile force. Thus, it will achieve 
the maximum allowable tensile force first. 

Fa =100= 1.7320W 

W =57.71b 
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3-26. Determine the tensions developed in wires CD, CB, 
and BA and the angle 9 required for equilibrium of the 
30-lb cylinder E and the 60-Ib cylinder F. 


Equations of Equilibrium: Applying the equations of equilibrium along the x and y axes to the 
free - body diagram of joint C shown in Fig. (a), 


4 xR, =0; Fc 0088 — Fey 0os30"=0 (1) 
+ TER, =0 —Fsc sinó + Fep sin 30” -30= 0 


By referring to the free - body diagram of joint Bin Fig. (b), 


+,EF, =0; Fa c0s45*— Fc c0s9=0 (3 
+ TER, =0 Fa sin45*+Fgc sin9 -60=0 


Solving Eqs. (1) through (4), yields 
Fa =80.71b 
Fcp = 65.9 1b 
Fac =57.11b 
9 =2.952 
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3-27. If cylinder E weighs 30 lb and 0 = 15”, determine 
the weight of cylinder F. 


Equations of Equilibrium: First, we will apply the equation of equilibrium along the xand y axes to the 
free - body diagram of joint C' shown in Fig. (a). 


xr, =0; Fc cos 15" — Rep 00830? =0 
+ TER, =0 Fep sin30?— Fc sin15*-30=0 


Solving Eqs. (1) and (2), yields 
Fac = 100.38 lb Fo =111.961b Ans. 


Using the result Fgc = 100.38 lb and applying the equation of equilibrium along the x and y axes to the 
free- body diagram of joint B shown in Fig. (b), 


Fga 00845" — 100.38008 15" = 0 
Fga =137.121b 


137.12sin45* + 100.38 sin 15" —W =0 
W? = 123 lb 


Fac=/00:38 lb 
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*3-28. Two spheres A and B have an equal mass and are 
electrostatically charged such that the repulsive force acting 
between them has a magnitude of 20 mN and is directed 
along line AB. Determine the angle 6, the tension in cords 
AC and BC, and the mass m of each sphere. 


ForB : 


5 ER =0; 0.02cos 30? — 7 sin 30 = 0 


+T ER, =0; 0.02sin30” + Tp cos 30” - W=0 
Tp = 0.0346N = 346mN  Ans 
W =0.04N 

ForA: 

5ER=0; T,sin0 - 0.02cos 30? = 0 

+T ER; = 0; T,cos 8 — 0.02 sin 30” - 0.04 = 0 
T, = 00529 N = 529mN  Ans 
8=191% — Ans 


.04 3 
—— = 4,08 (10 = 4.08 Ans 
981 (10*) kg 8 


e3-29. The cords BCA and CD can each support a 
maximum load of 100 lb. Determine the maximum weight 
of the crate that can be hoisted at constant velocity and the 
angle O for equilibrium. Neglect the size of the smooth 
pulley at C. 
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3-30. The springs on the rope assembly are originally 
unstretched when 9 = 0”. Determine the tension in each 
rope when F = 90 lb. Neglect the size of the pulleys at B 
and D. 


Pate kl) 30( 3 -2)=60( 3-1) (1 


+TER, =0; 2Tsin9-90=0 (2) 


Substiwuting Eq.(1) into (2) yields : 
120(t10-sin0)-90 = 0 

00 -sinó =0.75 

By trial and error : 

9 = 57.957" 


Prom Eq.(1), 


1 
ll) 2 b 
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3-31. The springs on the rope assembly are originally 
stretched 1 ft when 9 = 0”. Determine the vertical force F 
that must be applied so that 9 = 30". 


2 
BA» A > 28 


When 9 = 30”, the springs are stretched 1 ft + (2.3094 - 2) ft = 1.3094 Re 


F, = kx = 30(1.3094) = 39.28 lb 
+TEFR =0; 2(39.28) sinW? -F=0 


F = 39.3 lb Ans 
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*3-32. Determine the magnitude and direction O of the 
equilibrium force F,g exerted along link AB by the tractive 
apparatus shown. The suspended mass is 10 kg. Neglect the 
size Of the pulley at A. 


Free Body Diagram : The tension in the cord is the same throughout the 
cord, thatis 10(9.81) =9.81 N. 


l 


Equations of Equilibrium : 10(9-90)=98.1N 


SER =0;  Fycos0-98.1cos 75” -98.1cos 45 = 0 
E, cos8 = 94,757 


+TER =0; — 98.1sin75"-98,1sin 45" F, y sin 0=0 
Ea sin 9 = 25.390 


Solving Eqs.[1] and [2] yields 1009 81)=98-1N 
0=15.0"  Fjy=98.1N 
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e3-33. The wire forms a loop and passes over the small 
pulleys at A, B, C, and D. If its end is subjected to a force of 
P =50N, determine the force in the wire and the 
magnitude of the resultant force that the wire exerts on 


each of the pulleys. 


+TEF =0; 2(To0s30”)-50=0 

T = 28.868 = 28.9N Ans 
For A and D: 
Fax > EF; Faz = 28,868 sin 30” = 14,43 N 


Fs = E F,; Fa, = 28.868 - 28.868 cos 30” = 3.868 N 


Fa = /(14,43% + (3.8687 = 149N MAandD)  Ans 


Fa = /(28.8689 + (28.868? = 40.8 N (B and C) 
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3-34. The wire forms a loop and passes over the small 
pulleys at A, B, C, and D. If the maximum resultant force that 
the wire can exert on each pulley is 120 N, determine the 
greatest force P that can be applied to the wire as shown. 


+*TIF, 20; 2704 -P 20; T=051735P 
Maximum resultant force is resisted by pulleys B and C. 

Fa = VOSTIISPP + (0.57735 PP 

Fa = 08165P = 120 


P=147N Ans 


B 1=0:57735P 


10-57735P 
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3-35. The picture has a weight of 10 lb and is to be hung 
over the smooth pin B. If a string is attached to the frame at 
points A and C, and the maximum force the string can 
support is 15 lb, determine the shortest string that can be 
safely used. 


Free Body Diagram : Since the pin is smooth, the tension force in 
the cord is the same throughout the cord. 


Equations of Equilibrium : 


SER =0; Tcos0-Tcos9=0  (Sasisfied!) 
. $ 

+TER=0;  10-2Tsin8=0 T== 

, sin 9 


If tension in the cord cannot exceed 15 lb, then 


From the geometry, ; = = and Ó = 19.47". Therefore 


18 


ear 
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*3-36. The 200-Ib uniform tank is suspended by means of 
a 6-ft-long cable, which is attached to the sides of the tank 
and passes over the small pulley located at O. If the cable 
can be attached at either points A and B or C and D, 
determine which attachment produces the least amount of 
tension in the cable. What is this tension? 


Free Body Diagram : By observation, the force F has to support the 
entire weight of the tank. Thus, F = 200 Ib. The tension in cable is the same 


throughout the cable. 


Equations of Equilibrium : 


5 ER, =0; Tos9-Tos0=0  (Satisfied!) 


+TER =0; 200-2Tsim0=0 Te 
3 


in 9 (1 


From the function obtained above, one realizes that in order to produce the 
least amount of tension in the cable, sin 6 hence 9 must be as great as 
possible. Sincs the attachment of the table to point C and D produces a 
greaier9 (9 =cos"'j = 70.53%) as compared to the attachment of the cable 


to points A and B(9=cos'¡=48.19"), 


The attachment of the cable to point C and D will produce 
the least amount of tension in the cable. Ans 


Thus, 
100 


o o 
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eN3-37, The 10-1b weight is supported by the cord AC and 
roller and by the spring that has a stiffness of k = 10 lb/in. 
and an unstretched length of 12 in. Determine the distance 
d to where the weight is located when it is in equilibrium. 


IF, =06 -Tic+Ffcos0=0 


+TIF,=0 Fsim9-10=0 


ñ 02,1) 


= 120 (sec 9 - 1) 


120 (sec 9 - 1) sin9 = 10 


(un 9 — sin 6) = E 


0 = 90.71? 


d = 12u030.71* = 7.13 in. Ans 
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3-38. The 10-Ib weight is supported by the cord AC and 
roller and by a spring. If the spring has an unstretched 
length of 8 in. and the weight is in equilibrium when 
d = 4 in., determine the stiffness k of the spring. 


+TER =0; Fsin8- 1020 


FE = kx; a 8) 
cos 9 


4 
06==; 0 43 
unó = y] = 18,435 


Thus, 


12 
ki _—__—_— — 8 i 4, 
E 18,435 )si ae 


k = 6.80 Ib/in. Ans 
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93-39. A “scale” is constructed with a 4-ft-long cord and 
the 10-1b block D. The cord is fixed to a pin at A and passes 
over two small pulleys at B and C. Determine the weight of 
the suspended block at B if the system is in equilibrium. 


Free Body Diagram : The tension force in the cord is the same throughout 
the cord, that is 10 lb. From the geometry, 


Omsia” (5) 223.58". 


Equations of Equilibrium : 
SER =0;  1Osin23.58* - lOsin 23.58% =0  (Satisfied!) 


+TER =0; — 2(10)c08 23.58*- W¿ =0 
W, = 18.3 1b 


.*3-4). The spring has a stifíness of k = 800 N/m and an 
unstretched length of 200 mm. Determine the force in cables 
BC and BD when the spring is held in the position shown. 


The Force in The Spring : The spring stwetches s =/1- ly =0.5-0.2 p - a 
=0.3 m. Applying Eq.3-2, we have A 


E, =ks = 800(0.3) = 240 N 


Equations of Equilibrium : 


4 
51 =0  fccos4s*+Fo(z)-240=0 
0.7071F;c +0.8F,p =240 


+TEE =0;  ficsinas-Fp(5)=0 
Fac = 0.8485 Fy p 


Solving Eqs.(1] and [2] yields, 


Rp =171N-— Fi =145N 
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e3-41. A continuous cable of total length 4 m is wrapped 
around the small pulleys at A, B, C, and D. If each spring is 
stretched 300 mm, determine the mass m of each block. 
Neglect the weight of the pulleys and cords. The springs are 
unstretched when d = 2 m. 


F, = 500(0.3) = 150 N 


0; —150+2TsinG8=0 


Note that when 6 = 90%, the springs are unstretched 
and the tension in the cord is zero. When the springs are stretched 
300 mm = 0.3 m, then d = (2 — 2(0.3)) = 14m 


I. si (22) = 44.4 


From Eq. (1), 7 = 107.1 N 


—2 (107.1) cos 44,4? + m (9.81) = 0 


m = 15.6kg Ans 


3-42. Determine the mass of each of the two cylinders if 
they cause a sag of s = 0.5 m when suspended from the 
rings at A and B. Note that s = O when the cylinders are 
removed. 


Ze 
LS E 2.32% 2m 
Tic = 100 N/m(2.828 2.5) =32.84 N A. 
Im 


+TER =0 3284sin45”-m(9.81) =0 


m=2.37kg  Ans 
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e3-43. The pail and its contents have a mass of 60 kg. If the 
cable BAC is 15 m long, determine the distance y to the 
pulley at A for equilibrium. Neglect the size of the pulley. 


Dividing both sides of Eq.[3] by /x? + y? yields 
Free Body Diagram : Since the pulley is smooth, the tension . , ii 
in the cable is the same throughout the cable. 


Equations of Equilibrium : 
SIE =0; Tsin0-Tsinp=0 0=4 


Geometry : 


Ll =Y(10-x3)i+(y-2? Ll =y/xi+y 


Since O = f, two triangles are similar, 


ES o = xy? ES 
10 x_y22_ (10—x)? + (y - 2)? 


Xx y yx +y? 
hi +b=15 
/(10-3+0-D + (2 Fy 2 15 


2 2 
E += 15 (3 


y =xy - - 
However, from Eq.(1] y00- 0-07, 105 Eq. (2] becomes 
x2+ y? x 


ARANA 


x 


60(981)= 588.6 N 
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.*3-44. A scale is constructed using the 10-kg mass, the 
2-kg pan P, and the pulley and cord arrangement. Cord 
BCA is 2 m long. If s = 0.75 m, determine the mass D in the 
pan. Neglect the size of the pulley. 


[ENE SS NS PS NS NR PS O 


EF, =0; 9.lcos0-Tiacosp=0 (1) 
+TER,=0; — Tiasing+98.1sinG9-m(9.81)=0 (2) 
(1.57 =2+y 
(1.25) =(1.5-x* +Y 
(1.25) =(1.5-x) +(1.9* -2 


-3x+2.9375 =0 


(A 5 


05158) 5.38 


Solving Eq. (1) and (2), 
Tia = 62.62 N 
x= 0.9792 m a... 


y = 1.1363 m 


mo =13.9kg-2kg=11.9kg Aus 
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e3-45. Determine the tension in the cables in order to 
support the 100-kg crate in the equilibrium position shown. 


Force Vectors: We can express each of the forces on the free - body diagram shown in Fig. (a) in Cartesian vector form as 
Fa = Fai 
Fac =-Faci 


2-0i+2-0j+1-0k_|_ AF api+ZFapit <Fapk 


Fap = Fap 
d-02+2-0 +10] 3 


W = [—100(9.81)k]N = [-981k]N 


Equations of Equilibrium: Equilibrium requires 
EF=0; Fig + Fac +Fap+W=0 


2 2 1 
O E 0 


(as m0 Jr (2 +Ó ED Ji+(30 -981)e=0 


Equating the i, j, and k components yields 


Solving Eqs. (1) through (3) yields 
Fap = 2943 N = 2.94 kN 
Fag = Fac =1962N= 1.96 KN 


W=/00(9-81) N 


(2) 
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346. Determine the maximum mass of the crate so that the 
tension developed in any cable does not exceeded 3 kN. 


Force Vectors: We can express each of the forces on the free - body diagram shown in Fig. (a) in Cartesian vector form as 
Fag = Fapi 
Fac =-Faci 


Fap =Fap 2-0M1+2-05+1-0k_ =—AFppitFapit <Fapk 


d=2- 0? +(2- 0) +(1-0)? 


W =[-m(9.81)k ] 


Equations of Equilibrium: Equilibrium requires 
EF=0, Fig +Fac +Fyp+W=0 


Fica Gap rap s+ZFapk )+Emosox]= 0 


2 2 1 
( A ES +35 Fab Ji+[(32o > 91m >. 


Equating the i, j, and k components yields 


16) 


When cable AD is subjected to maximum tension, Fay = 3000 N. Thus, by substituting this value into Eqs. (1) through 
(3), we have : 

FaB = Fac = 2000 N 

m =102 kg 
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3-47. The shear leg derrick is used to haul the 200-kg net of 
fish onto the dock. Determine the compressive force along 
each of the legs AB and CB and the tension in the winch 
cable DB. Assume the force in each leg acts along its axis. 


ha nro) 


= - 0.3333 F,, 1 + 0.6667 F,y j + 0.6667 F,y k 


la ra (Gu dsd) 


= 0,3333 Fcz 1 + 0.6667 Fcy j + 0.6667 Fez k 


Ebo = Fho (- 51 - k) 
= - 0.9231 Fpp ) - 0.3846 Fap k 

W z= - 1962 k 

EF, =0; = 0,3333 Fyg + 0.3333 Fcg = 0 

EF, =0; 0.6667 F,y + 0.6667 Fey - 0.9231 Fpp = 0 

EF, =0; 0.6667 Fay + 0.6667 Fey — 0.3846 Fap - 1962 = 0 
Fa = 2.52 kN Ans 
Fc = 2.52 kN Ans 


Fap = 3.64 kN Ans 
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*3-48. Determine the tension developed in cables AB, AC, 
and AD required for equilibrium of the 300-1b crate. 


Force Vectors: We can express each of the forces on the free - body diagram shown in Fig. (a) in Cartesian vector form as 
A (2-0)+(1-0)j+(2- 0)k 


$ api leppjr2Fagk 
dez- o?+4-0?+(2-0? 


3 3 

Fac =Fac 2-01+(2- Oj+(1-0k_ 7 A AS AE 
de-0 + 2-0+1-0 3 3 3 

Esp = Fapi 

W = [-300k] Ib 


Equations of Equilibrium: Equilibrium requires 
EF =0; Fan +Fac +Fyqp +W=0 


1 2 2 2 1 
(Gras Zaira) e Fact nc +3 ack) Ep + 3000) =0 


(Gra -30c + Eno Je (Sas -Ó Ec (30 ES AC -200)k=0 


3 
Equating the i, j, and k components yields 


e EA + Fap =0 
3 3 

1 2 

=Fag Fac =0 
gn ge 


2 1 
—Fag +=Fac -300=0 
3 AB 3 AC 


Solving Eqs. (1) through (3) yields 
Fag = 360 1b 
Fac = 1801b 
Fap = 360 lb 
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e3-49. Determine the maximum weight of the crate so that 
the tension developed in any cable does not exceed 450 lb. 


Force Vectors: We can express each of the forces on the free - body diagram shown in Fig. (a) in Cartesian vector form as 
POETA id dl. E E YES Papi GFapk 
Le2- o?+a-0?+(2-0? 


Fac = Fac | 2 +2 D+ 1 0K = Agirre 


de-0 + 2-0*+1-0y 3 
Fap = Fapi 
W = -Wk 


Equations of Equilibrium: Equilibrium requires 
EF=0; Fig + Fac +Fap+W=0 - 


2 1 2 2 2 1 
(Bragi+ Fria) e ¿haci Encitiheck) pis mo- 0 


2 2 1 2 2 1 p 
==Faip - =Fy + EF, i+l —=Fip - =F, i+| —Fipn + —F -W =0 
( 3 AB 3 AC s0 | (5 AB 3 ac $ (3 AB 3 AC 


Equating the i, j, and k components yields 
a ¿E + Fap =0 


1 2 

=Fag - Fac =0 
ge ga 

2 1 

3 Fab +3 Fac -W=0 (3 


Let us assume that cable AB achieves maximum tension first. Substituting Fag = 450 lb into Eqs. (1) through (3) and solving, 
yields 


Fac = 225 1b Fap = W01b 
W = 375 lb Ans. 


Since Fac = 225 1b < 450 Ib, our assumption is correct. 
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3-50. Determine the force in each cable needed to 


support the 3500-Ib platform. Set d = 2 ft. 
3500 lb 


Cartesian Vector Notation : 


44 -3j-10k 
Eno = | e ]aoasrri-0200501-0394£,k 


Ja + (-3)? + (-10)? 


Esc = Ae) =0.1881F,c1+0.2822F, cj-0.9407F,ck 


44 + 1j- 10k 
Eso = tol a )- -0,3698F, pi +0.09245F, p)-0.9245F, pk 


¡+ 12 + (-10)? 


F = (3500k) lb 


Equations of Equilibrium : 


A a IA 


EF=0; Fja+E,c+E1p+F=0 


= 


(0.3578F, y +0.1881F,c -0.3698F, p)i + (-0.2683F, y +0.2822F, c +0.09245F,p)3 
+(-0.8944F, y -0.9407F, c -0.9245F, p + 3500) k = 0 


Equating i, j and k components, we have 


0.3578F, y +0.1881F,c —0.3698F,p =0 
-0,2683F, y +0.2822F, c +0.09245F,p =0 
—0.8944F, y -0.9407F, « -0.9245F, p +3500 =0 


Solving Eqs.(1], (2] and [3] yields 


Ea = 1369.59 lb = 1.37 kip Fic = 744.11 lb =0.744 kip 
Ep = 1703.62 lb = 1.70 kip 
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3-51. Determine the force in each cable needed to 
support the 3500-lb platform. Set d = 4 ft. 


Cartesian Vector Notation : 


41 -3j-— 10k 


Fra =F, =0.3578F, gi -0.26 -0. EF, 
AB Al rea) AB 83F, 3 -0.8944F, y k 


3) - 10k 


Fic =É =0.2873F, c)-0.9578F, ¿k 
AC A 2) ac) AC 


—44+1)-10k 
Eso =F, -0.3698F, pl +0.09245F,p)-0.924 
EN | a)" dl A 


F = (3500k) lb 


Equations of Equilibrium : 
IF =0; Ejp+E,c+Ep+F =0 


(0.3578F, y -0.3698F,p)i+(-0.2683F, 4 +0.2873F,c +0.09245F, p)j 
+(-0.8944F, y -0.9578F,c —0.9245F, p + 3500) k = 0 


Equating i, j and k components, we have 


GN 


A 


0.3578F, y -0.3698F,p =0 
-0.2683F, y +0.2873F, « +0.09245F, p =0 
—0.8944F, y -0.9578F, « -0.9245F, y +3500=0 


. 


YT 


Solving Eqs.(1], (2] and [3] yields 


Ela = 1467.42 lb = 1.47 kip Fic = 913.53 lb =0.914 kip 
E,p = 1419.69 lb = 1.42 kip 
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*3-52. Determine the force in each of the three cables 
needed to lift the tractor which has a mass of 8 Mg. 


Cartesian Vector Notation : 


%-125j- 
Es a a) OSI 1-07 


y2+(-125*+(-3) 


24 +1.25j-3k 


Esc =E, 
“e a 


—]i- 
E. = tes) =-0.3162F, pi -0.9487F, pk 


Yen + (37 


F = (78.48k) kN 


)oasuno +0.3276F, c)-0.7861F, ck 


Equations of Equilibrium : 
EF =0; Eras +tELC+E p+F =0 


(0.5241 F, y +0.5241F, c -0.3162F, p)i+(-0.3276F, 4 +0-3276F,c)J 
+(-0.7861F, y —0.7861F, c —0.9487F, p +78.48)k = 0 


Equating i, j and k components, we have 
0.5241F, 2 +0.5241F,c -0.3162F,p =0 


-0.3276F, y +0.3276F,c =0 
-0.7861F, y -0.7861F,c —0.9487F, p +78.48 =0 


Solving Eqs.(1], (2) and [3] yields 
Els = Fc =16.6kN Ep = 55.2 kN 


FBCSC(78N = ¡EGB EN 
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e3-53. Determine the force acting along the axis of each of 
the three struts needed to support the 500-kg block. 


A 2) 


3.905 


= 0.7682 F, j + 0.6402 Fp k 


751 - - 2, 


= 0.1330 Fc i - 0.8865 Fc j - 0.4432 Fc k 


Eo = Po( 


- 1,251 - $j- 2%) 
5.728 


= -0.2182 Fp 1 - 0.8729 Fp j - 0.4364 Fp k 

W =-500(9.81) k = -4905 k 

IF =0; Fa + Fc +Fp-W=0 

IF, =0; 0.1330 Fe - 0.2182 Fp = 0 

IF, =0; 0.7682 Fy — 0.8865 Fc - 0.8729 Fp = 0 

ER, 20; 0.6402 Fa — 0.4432 Fc — 0.4364 Fp - 4905 = 0 
Fa = 19.2kN Ans 
Fc = 10.4 kN Aus 


Fp = 6.32 kN Ans 


167 


3 Solutions 44918 1/21/09 4:25 PM Page 168 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


3-54. If the mass of the flowerpot is 50 kg, determine the 
tension developed in each wire for equilibrium. Set 
x=15mandz =2m. 


Force Vectors: We can express each of the forces on the free - body diagram shown in Fig. (a) in Cartesian vector form as 
Faz = Fapi 
(2 -0)i+(6-0)j+(3-—0)k 


Fa = Fac 
(2-0)? +(-6- 0? +(3- 0)? 


2 6 53 
= — +— 
5 Faci- Fac ie 5Fack 


(15 -Oi+6-Dj+2-0k_[__37, ¡12 


— PAD 
derns-00+65-02+ 2-02] 3 


W = [=50(9.81)k]N = [-490.5k]N 


Eno Fapi+ =Fapk 


Equations of Equilibrium: Equilibrium requires 
EF=0; Fig +Fac +Fip+W=0 


2 6 3 3 12 4 
Fag 1er Í ri. Tnex) (Fri —Fapj+ E rapk](0905%) =0 


13 
3 


2 3 6 12 4 
=Fy -==Fan li+l Fan == Far - =F, +|F —= Fan — 490.5 |k = 
(Sr Asp) (o 7 PAC = 13 so | (Bue + Eo 90, k 0 


Equating the i, j, and k components yields 


Solving Egqs. (1) through (3) yields 
Fag =1211.82N =1.21 kN 
Fac = 606N 
Fap = 750N 


W=50(9:8!) N 
(a) 
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3-55. If the mass of the flowerpot is 50 kg, determine the 
tension developed in each wire for equilibrium. Set x = 2 m 


and z = 1.5m. 


Force Vectors: We can express each of the forces on the free - body diagram shown in Fig. (a) in Cartesian vector form as 
Fag = Fagj 
(2 -0)i+(-6 -—0)j+(3—0)k 


=5 Fcio Fac Se FACK 
(2-0? +(-6- 0 +(3- 0? 


(2-0) +(-6- 0)j+(1.5- Ok 


Faip = Fap 
d2- 0? +(6-0)?+(1.5- 0)? 


W = [=50(9.81)k]N = [-490.5k]N 
Equations of Equilibrium: Equilibrium requires 


EF = 0; Fa +Fac +Fyp+W=0 


2 6. . 3 4 12: 2.3 4 
haa de [FrciÍrci = Each) +|- 73 Fabi - 55 FaDi+ E Faok)+(0905%) =0 


2 4 6 12 3 3 
(Sr - Eno Je as - 7 FAC - Sao )i+ 31 + E rap 4905 k=0 


Equating the i, j, and k components yields 
2 4 
7 Fac =73FaD =0 
12 


6 
Fan =- =Fwar - Fan =0 
AB" 7%AC 13 4D 
3 


3 
=Fac +=Fap -490.5=0 
7 AC 13 AD 


Solving Eqs. (1) through (3) yields 
Fag =1308N =1.31 kN 
Fac =763N 
Fap = 708.5 N 


W= 50(981)N 
(A) 
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*3-56. The ends of the three cables are attached to a ring 
at A and to the edge of a uniform 150-kg plate. Determine 
the tension in each of the cables for equilibrium. 


P =150(9.81)k = 1471.5k 


4 6 2 
h = ae] e q ar iso(a.21)3 1421.5N 


6 4 12 
AAA 
e Y Br Side 


4 6 12 
Eo = -i+ a1- ¿BE 


4 6 
ER 0; pa - — 
._ 47 


4 
R-]P =0 


IA =0; -En-Ír+ÍB=0 


14 14 


ER =0; Gro Fe ho + MANS =0 


14 14 
Fa = 858 N Ans 
FR =0 Ans 


Fp = 858 N Ans 


e3-57. The ends of the three cables are attached to a ring 
at A and to the edge of the uniform plate. Determine the 
largest mass the plate can have if each cable can support a 
maximum tension of 15 kN. 


m7 


Thus, 


L 1 
Assume Fi = 15 kN. Solving, 3 09-0-U1N+W=0 


F¿=0<15kN (OK) W=25.714 kN 


Fp 2 15 kN (OK) m= 2-7 =202M8 Ans 
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3-58. Determine the tension developed in cables AB, AC, 
and AD required for equilibrium of the 75-kg cylinder. 


Force Vectors: We can express each of the forces on the free - body diagram shown in Fig. (a) in Cartesian vector form as 


Frg = Fo [EDI -Oj+G-0k rypr ratón 
der 0? +(1.5- 0) +(3- 0)? 
A O | 


1 2 2 
- == 3 Faci- 5 Fac d+ Fac K 
1-0? +(2- 0)? +(2- 0)? 


3 


Fap = al (3- Oi + (-4-—0)j+(0- 0)k 


3 4 
— o | = == Fon ii =— F 
z z 5 |" 3Fani- AD] 
Je- 0 +(4- 0) +(0-0) 


W =[-75(9.81)k]N =[-735.75k]N 


Equations of Equilibrium: Equilibrium requires 
EF=0, Fig +Fiac +Fyp+W=0 


2 3 6 1 2 2 3 4 
-2F pgit 2 Frgj+ > Fagk + | -=Fici- Fac j+ Fac K ll ZFapi-=Fapj l+(-735.75k)= 0 
[Grat raas+ $ taa) 35 cie) Epi je ) 


2 1 =) 3 2 4 6 z 
(Gras 3 +50 )ro(H5 -=3 Fac FA INE AB +3 Ec -rs7sk=0 


Equating the i, j, and k components yields 
2 


1 3 
-Frp -=Fac +=Fap =0 (1 
7 CAB 3LAC FG FAD (1) 


3 2 4 
7 Ens 5 Exc FED 0 0) 


Srs +25 -73575=0 (3 


Solving Eqs. (1) through (3) yields 
Fag =831N 
Fac =35.6N 
Fap =415N 


wW=75(981) N 
(2) 
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3-59. If each cable can withstand a maximum tension of 


1000 N, determine the largest mass of the cylinder for 
equilibrium. 


Force Vectors; We can express each of the forces on the free - body diagram shown in Fig. (a) in Cartesian vector form as 


—1- 0)i+(1.5-0) -0 
hu +0 ( A os A. =—Iragi+ 303 ÍF pol 
Ler-0; +(1.5- 0)” +(3- 0) 


- Oi+(2-0)j+(2- 0k Dore 3 2 
Fac =Fac === Fygi-=Fag j+=Frc Kk 
o +(2-0)?+(2- 07 | id 3 3 


Fap = Fap | EZ RECI DIE [3 1 4 pp] 
Je- o+(4-02+(0-0)? | 5 5 
W =-m(9.81k 


Equations of Equilibrium: Equilibrium requires 
EF =0; Fas +Fac +Fyp +W=0 


Pe 6 1 2 08 3 da 
( A AOS x)o(3rao1- ¿103 )elnosoa =o 


2 1 3 3 2 4 6 2 
(Ge - 3 FAC + 20) (3 Fan — 3 Fac - 5 PAD )io(ris +3 hc 080 =0 


Equating the i, j, and k components yields 
2 1 3 

5 Em - FAC +3 FA =0 

3 


2 4 
== in 0 
7 FAB = Fac — GFAD 


Sea + hn — m(931)=0 


Let us assume that cable AB achieves maximum tension first Substituting Fyg = 1000 N into Egs. (1) through (3) and solving, 
yields 


Fap = 500N Fac =42.86N 
m=903 kg 


W=m(9:8/) 
(a) 
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*3-60. The 50-kg pot is supported from A by the three 
cables. Determine the force acting in each cable for 


equilibrium. Take d = 2.5 m. 


F=50(981)=490:8 N 


Cartesian Vector Notation : 


pi 12 Sr 


= phel+ 134 


Er = Fil === 
as 


e 3 
MEMES )Fnainarna 


Ec =F, 
An ls 


A nose nat nal 


=F, 
Pao cl 


F = (-490.5k) N 


Solving Eqs. [1], [2] and [3] yields 


Ec = Fo 2312 N 


Equations of Equilibrium : 


1F=0; Ep+E c+Ep+F=0 


12 6 6 ) 2 
(5% =5Eac 5h )1+(-5 4c+ 5fo ) 


13 7 2 E 
pj 3 
+5 aa ++ 20 005)k=0 


Equating i, j and k components, we have 


y 


21N 10 
23 


31 
o] 
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e3-61. Determine the height d of cable AB so that the force 
in cables AD and AC is one-half as great as the force in 
cable AB. What is the force in each cable for this case? The 
flower pot has a mass of 50 kg. 


Cartesian Vector Notation : 


Fra =(E0),1+(E,5),k 


te bi -2+3k 


aa) 
ZO —61 +2j+3k [ 
2 2 lan 
F = (-490.5k) N 
Equations of Equilibrium : 


EF=0; Ep +E,c+E¡p+F=0 


3 3 1 1 
(tn, -3% 5h Je AB +54] 


3 3 
+((E0) + ¿fo + ¡E —905)k=0 


Equating í, j and k components, we have 
3 3 6 
iran cb F=50(981)=490:5N 
1 
=5 an +5 =0 (Satisfied!) 

3 3 3 
A NA 
However, Ela = (Ena) +(Eay)¿» Unen substituto Eqs. (1] and (2) into this 

expression yields 
6. Y s._ P 
Fa =(5%0) +(1905-55) 
Solving for positive root, we have 


Fla = 519.79 N =520 N 
1 
Esc = Esp = (519.79) = 260 N 


6 
(Era), = 7 (519.79) = 445.53 N 


3 
(Fa), =90.5-5(519.79) = 267.73 N 


AE) 1267.73 =31.00* 
0200 as Ga) 


d=6tn 0 = ótan 31.00? = 3.61 m 
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3-62. A force of F = 100 lb holds the 400-lb crate in 
equilibrium. Determine the coordinates (0, y, z) of point A 
if the tension in cords AC and AB is 700 lb each. 


2 0 Si-yj+(4-2)k ] 
Ac” 
VPO 


, 0 -51-y]+(4-2)k ] 
48 
y (SPH-yP + (4-29 


F = (100 J)b W = (400 k) 1b 


3500 -3500 


EF, =0; + =0 


-700y -700y 
EF, =0; + +100=0 
? Ja Jr 
700($-2) , 7004-23) 4000 1400 y = 100/25++16 y 
VA? 25+ y +(4-2) 196 225+17P 


1400 y = 100/25 + y? +(4-2)" y=0.3737ft'=0.314f  Ans 


1400(4 2) = 400/25+ y? + (4-2) 4(0.3737)=4-z, 2¿=251fR Ams 


EF, =0; 
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3-63. If the maximum allowable tension in cables AB and 
AC is 500 lb, determine the maximum height z to which the 
200-Ib crate can be lifted. What horizontal force F must be 
applied? Take y = 8S ft. 


ER, =0; -2[ 50 2 Jor-o 
TES 

ER, =0; 2|s0| nt. Jan => 
S+8e (4-2 


Dividing Eq. (2) by Eq. (1), 
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*3-64. The thin ring can be adjusted vertically between 
three equally long cables from which the 100-kg chandelier 
is suspended. If the ring remains in the horizontal plane and 
z = 600 mm, determine the tension in each cable. 


Geometry: Referring to the geometry of the free - body diagram shown in Fig. (a), the lengths of cables AB, AC, and AD are 


air =0d0.52 +06? = ¿0.61 m 


Equations of Equilibrium: Equilibrium requires 


eE) 


0 (dt) 


Thus, cables AB, AC, and AD all develop the same tension. 
0.6 
EF =0; 3 100(9.81) = 0 
Ñ (35) 


Fap =Fx =Fap = RÓN 


100(9-B1)AN 


Cas) 
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e3-65. The thin ring can be adjusted vertically between 
three equally long cables from which the 100-kg chandelier 
is suspended. If the ring remains in the horizontal plane and 
the tension in each cable is not allowed to exceed 1 kN, 
determine the smallest allowable distance z required for 
equilibrium. 


Geometry: Referring to the geometry of the free - body diagram shown in Fig. (a), the lengths of cables AB,AC, and AD are 


al = dos? +22. 
Equations of Equilibrium: Equilibrium requires 


ER, =0 rol 0.5008 30* Joe 0.500830> |» 


0.5? + 2? dos?+-2 
0.5 0.5sin30? 
ER, =0 Fig l === |- E 
y 
E - 1 dos? +2 ] 
Thus, cables AB,AC, and AD all develop the same tension. 


ER. =0; 3 z — 100(9.81) = 0 
Ñ dé ] 


Cables AB,AC, and AD will also achieve maximum tension simultaneously. Substituting F = 1000 N, we obtain 


- 


3(1000; - 100(9.81) = 0 
| Ls +2? ] 


z = 0.1730 m=173 mm 


1000981) N 
(a) 
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3-66. The bucket has a weight of 80 lb and is being hoisted 
using three springs, each having an unstretched length of 
lo = 1.5 ft and stiffness of k = 50 Ib/ft. Determine the 
vertical distance d from the rim to point A for equilibrium. 


3d 
úl a ES "> y 
[50 (VAT - 1.5)] =0 


WE + (1.5% 


d 
Tn (ES 1.5) = 0.5333 


+ (1.5 


d/( + (13% - 1.5d = 0.5333 /27 + (1.3% 
Vd7 + (1.5% (d - 0.5333) = 1.5d 
[4 + (1.57] [e - 2d (0.5333) + (0.5333) ] a (1,5 gd? 


d' - 1.0674 + 0.284 d* - 24d +0.64 = 0 


da166R Ans 
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3-67. Three cables are used to support a 900-lb ring. 
Determine the tension in each cable for equilibrium. 


Cartesian Vector Notation : 


Eso > A rn=) =0.6F,9)-0.8F,ak 


ar 


3c0s 30% — 3sin 30?) - 4k ] 


Er = E | —_—_ _—____JJJ————___—_—__—— 
si ds 30") + (-3sin 30%)? + (4)? 


=0.5196F, ¿1 -0.3F,c)-0.8F,ck 


-3c0s 30% — 3sin 30%) - 4k ] 


A APA 
sd [E 30%) + (-3sin 30*)* + (-4)1 


= 0.5196F, pi —0.3F, pj-0.8F, pk 
F = (900k) lb 
Equations of Equilibrium : 
EF =0; Fja+Fic+tE¡p+F=0 


(0.5196F, c -0.5196F,p)1+(0.6F,g -0.3E,c -03E,9)3 
+(-0.8F, y -0.8F,c -0.8F, p +900)k = 0 


Equating i, j and k components, we have 


0.5196F,c -0.5196F, y =0 
0.6F, y -03F,c -0-3F, 9 =0 
-0.8F, 9 -0.8F,c -0.8F, p +900 =0 


Solving Eqs.(1], [2] and [3] yields 
Fis =Ec=E.w =3751b Ans 
This problem also can be easily solved if one realizes that due to symmetry all cables are 


subjected to a same tensile force, thatis F,g = F,c = Ep = F. Summing forces along z 
axis yields 


ER =0; 900-3r(5)=0 F=315 lb 
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*3-68. The three outer blocks each have a mass of 2 kg, 
and the central block E has a mass of 3 kg. Determine the 
sag s for equilibrium of the system. 


T, = 7 = Tc = 2(9.81) 
EF, =0; 3(2(9.81))cos y - 3(9.81) = 0 
cosy=05; y = 60” 


a = 0.57 m 


27 .0333m = 333m0 Ans 
un 60? 
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3-69. Determine the angle O such that an equal force is 
developed in legs OB and OC. What is the force in each leg 
If the force is directed along the axis of each leg? The force 
F lies in the x— y plane. The supports at A, B, C can exert 
forces in either direction along the attached legs. 


5 10 
For = Fe - > ) 
o rr Bd 


= Foa (-0.4472 j+0.89443 k) 


Eo = Lo E Ssin60”  Scos60” 10 ) 


l- —j- 


11.18 11.18 11.18 


= Fon (- 0.3873 1 - 0.2236] - 0.8944 k) 


Foc = Fo j 


SsinG0? , _ Scos60* 10 x) 


11.18 11:18? 11.18 
= Foc (0.3873 1 - 0,2236] — 0.8944 k) 
F = 100 (sin 9 i.+ cos 6 j) 
IF, =0; - 0.3873 Fog + 0.3873 Foc +100sin8 = 0 
lí Foc = Fos , then 100 sinó = 0; 0 20 Ans 
— 0.4472 Foz — 0.2236 Fog — 0.2236 Foc + 100= 0 
0.8944 Fo, — 0.8944 Fog — 0.8944 Foc = 0 


For = 149 lb Ans 


Fos = Foc = 74.5 lb Ans 
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3-70. The 500-Ib crate is hoisted using the ropes AB and 
AC. Each rope can withstand a maximum tension of 2500 lb 
before it breaks. If AB always remains horizontal, 
determine the smallest angle O to which the crate can be 
hoisted. 

Case 1: Assume 7, y = 2500 lb 


2500 — Tc cosO = 0 


Tic sinó — 500= 0 


8 a 11,31 
Tic = 2549.5ib > 2500 lb 
Case 2: Assume Ty = 2500 1b 
+T ER =0; 2500 sinG —- $00= 0 
0 = 11,54? 
Tia — 2500 cos11.54* = Q 
Tis = 2449.49 Ib < 2500 hb 


Thus, the smallest angle is O == 11.5* Aus 


3-71. The members of a truss are pin connected at joint O. 
Determine the magnitude of F;¡ and its angle 0 for 
equilibrium. Set F, = 6 kN. 


6 sin 70* + F¡ cos9-$ cos 30*-¿)=0 


F¡ cos 9 = 4.2920 


6 cos 70% +5 sin 30? Fi sn9-2()=0 


F, sin8 =0.3521 
Solving: 
9=4.69% Anos F; 4.31 kN 
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*3-72. The members of a truss are pin connected at joint O. 
Determine the magnitudes of F, and FE) for equilibrium. 
Set 6 = 60*. 


Fa sinT0?+ Fi c0860* -Scos30*-07) =0 


0.9397F, +0.5F; = 9.930 


F, cos 70? + 5sin30? — Fi sinóo*- 1 =0 


0.3420, - 0.8660F; = 1.7 
Solving: 


RA.=960kN  Ans F¡ = 1.83 kN 
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3-73. “Two electrically charged pith balls, each having a 
mass of 0.15 g, are suspended from light threads of equal 
length. Determine the magnitude of the horizontal 
repulsive force, F, acting on each ball if the measured 
distance between them is r = 200 mm. 


r = 200 mm 


Tsin 60? 0. 15(10)”*(9.81) =0 


T=1.699(10)? N 


1.699(10)”?cos 60” -F=0 
F =0.850(10)? N 01540 MM 9BL)N 


=0.850mN —Ans 
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3-74. The lamp has a mass of 15 kg and is supported by a 
pole AO and cables AB and AC. If the force in the pole acts 
along its axis, determine the forces in AO, AB, and AC for 
equilibrium. 


Cartesian Vector Notation : Equating i, j and k components, we have 


—6i +3j-6k 2 1 2 
Es | y IEGDE asj-3fak 


(6 +3 +(-6) 


—24 +3j-6k 2 3 6 
= 2-Fci+5 cd-5Eck 
Fac A A ¡hcd+rzhd-5 


Solving Eqs.(1], [2] and (3] yields 


2i-1.5j+6k 4 3 12 
Elo = Al y OS Fig =1M0N  FE¡¿=858N  F¡¿=319N 


J2+(15+60) 13 
F = (-147.15k) N 
Equations of Equilibrium : 
EF=0; Fjat+E C+Eo+F=0 
2 2 4 1 3 3 
(E c+ Eto )i+(5% +54c- ho 
2 


6. 1 
+ -5hc+ pto” 147.15)k =0 


F=/5(9-B1)=14715 N 
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3-75. Determine the magnitude of P and the coordinate 
direction angles of Fz required for equilibrium of the 
particle. Note that Fx acts in the octant shown. (1 ft, 7 ft, 4 ft) 


F, = 360 Ib 


F,= 120 lb 


F,= 300 lb 


F, = 360 “LL ¡- 7 je Tk 
á y Je  J6 Thus, with P =638.65 lb, F, =-169.95 lb. 
With P =253.81 lb, F; = 191.69 lb. 
= 44,313 1-310.191 j +177.252 k In order for F, to be within the octant shown, choose 
E, = - 120] P =639 lb Ans 
F, = - 300k 
B=fF 1+Ej+Fk (1) 
P= Pcos 20” j + P sin 20” k 
ZF,=0; -4313+F,=0 
F, = 44,313 lb 
EF, =0; - 310.191 - 120 + F, +0.9397P = 0 
IF. =0; 177.252 - 300 + F, +0.420P 2.0 


From Eq. (1), require 


200 = /F? + FE? + FR 


(200P" = (44.313) +(430.191-0.9397P)' +(122.748-0.3420PY 


P? -892.459P + 162 093 = 0 


Solving, 
P=638.65b ad P=25.81M 
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*3-76. The ring of negligible size is subjected to a vertical 
force of 200 lb. Determine the longest length / of cord AC 
such that the tension acting in AC'is 160 lb. Also, what is the 
force acting in cord AB? Hint: Use the equilibrium 
condition to determine the required angle 0 for attachment, 
then determine / using trigonometry applied to AABC. 


Equations of Equilibrium : 
> ER =0; — Figcos 40*— 160008 9=0 
+ TER =0;,  Figsin 40? + 160sin 9-200=0 


Solving Eqs.(1) and [2] yields 


B= 33,25" 
Fly =1751 


Geometry : Applying law of sines, we have 


l Ñ 2 
sin 40? sin 33,25" 


l2234f 


e3-77. Determine the magnitudes of F,, F>, and F; for 
equilibrium of the particle. 


A + Fico - 002) = 0 


800 (3) + £i cos 195 A =0 


Fi cos 60” - 200 = 0 
F, = 4001b Áns 
FR = 280 1b Ans 


E = 3571 Ans 
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3-78. Determine the force in each cable needed to 
support the 500-1b load. 


Equation of Equilibrium : 


2 


4 
ER =0; Eco(5)-500=0 Fep = 625 lb Ans 


Using the results F-p = 625 lb and then summing forces along x and y axes 


3-79. The joint of a space frame is subjected to four 
member forces. Member OA lies in the x-y plane and 
member OB lies in the y-z plane. Determine the forces 
acting in each of the members required for equilibrium of 
the joint. 


Equation of Equilibrium : 


IF. =0; Fsin45”=0 KR =0 Ans 
EE =0; RAsin40”—-200=0 F=311.14lb=31lib Ans 


Using the results A =0 and R = 311.14 Ib and then summing forces along 
the y axis, we have 


EF =0;  F-3ll.l4cos40%=0  R=238lb Ans 
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«4-1. If A, B, and D are given vectors, prove the 
distributive law for the vector cross product, i.e., 
AXx(B+D)=(A x B) + (A x D). 


Consider the three vectors; with A vertical. 

Note obd is perpendicular to A. 

od = |A x (B + D)| = lAl(B+ DÍ) sinó, 

ob = lA x Bl = lAlÍBÍ sinó, 

bd = lA x DÍ = lAJIDÍ sinó, 

Also, these three cross products all lie in the plane 
obd since they are all perpendicular to A. As noted 
the magnitude of each cross product is proportional 
to the length of each side of the triangie. 

The three vector cross - products also form a closed 
viangle 0'D'd' which is similar wo trisngle obd. Thus 
from the figure, 


Ax(B+D)=24xB+AxD (QED) 


Nos also, 
A = A 1+4j+Ak 


B = B,1+B,] + B,k 
D = D,i + D,j + D,k 


í J k 
Ax(B+D)= As A A 
B,+D, B,+D, B,+D, 
= (A/(B, + D¿) - A(B, + D,)H 
-[A/(B, + D;) - A(B,+ DU 
+ [4,(B, +D,) - A,(B, + D,)Ik 
= [(4,8, - AB,A - (AB, - AB.) + (4,B, - A,B,)k] 
+ [4,D, - ADA (AD, - AD + (AD, - A,D:)k] 


13 k toJS k 
olor Rele a 
8. 8 El lo DD, 


= (AxB)+(A x D) (QED) 
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4-2. Prove the triple  scalar product identity 
A'BxC=AXB-C. 


Also, 


LHS = A-BxC 
As shown in the figure 
toj ok 
Area = B(Csin9) = |B x Cl = (A+ 4j+ Ak) [B, B, B, 


G6< 
Thus, 


ás = A (B,G - B,G) - A(B,G, - B,C,) + A(B,C, - B,G) 
Volume of parallelepiped is |B x Cllal =AB,G-ABG -AB,CG+ABC +AB,G -ABG 


But, RHS=AxB-.C 


BxC 
lhl = [A- axe] = [A-: 13 ok 
¡A- ua col | (a) “bh A Al: (Gi+GJ+ Gk) 
= GAB, - AB) - GUAB - AB.) + G(UAB, - AB) 
Volume = lA. B x Cl = AB, -AB:G - 48: +4,B,C, +AB,C, - AB,G 


Since lA x B - Cl represents this same volume then Thus, LHS = RHS 


A-BxC=AXB-C (QED) BO AXE  (QE) 
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4-3. Given the three nonzero vectors A, B, and C, show 
that if A-(B X C) = 0, the three vectors must lie in the 
same plane. 


Consider, 
lA- (Bx C) = ¡AJIB x C| cos9 
= (¡Alcos8)|B x Cl 
= lAl|BxC| 
= BCIk sing 
= volume of parallelepiped. 
Uf A- (B x C) = 0, then the volume equals zero, so that A, B, and C ase coplanar. 


*4-4, "Two men exert forces of F = 80 lb and P = 50 lb on 
the ropes. Determine the moment of each force about A. 
Which way will the pole rotate, clockwise or counterclockwise? 


Pes so (<)u» = 768. fe) Ans 


(+ (4)s = 50 (008 45") (18) = 6361b- AY Ane 
Since (Ma)e > (Muda 


Clockwise Ans 


4-5. If the man at B exerts a force of P = 301b on his 
rope, determine the magnitude of the force F the man at C 
must exert to prevent the pole from rotating, i.e., so the 
resultant moment about A of both forces is zero. 


(Fr 300001459 (18) > F E) 1) =0 


F 2 39.8 lb Ans 
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4-6. If 0 = 45”, determine the moment produced by the 
4-kN force about point A. 


Resolving the 4 - kN force into its horizontal and vertical components, Fig. a, and applying the 


principle of moments, 


+MAa = 4 00845*(0.45) —4 sin45(3) 
=-721kN-m=7.21kN-m (clockwise) 


4SiN45" KN 
(4) 
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4-7. If the moment produced by the 4-kN force about 
point A is 10 kN - m clockwise, determine the angle 0, where 
0. =0= 090". 


Resolving the 4 - kN force into its horizontal and vertical components, Fig. a, and applying the 
principle of moments, 
(+MA = -10= 4005 0(0.45)- 4sin0 (3) 
12sin6 — 1.80050 =10 (1) 


Referring to the geometry of Fig. a, 


Dividing Eq. (1) by [147.24 yields 
E AS 
«4147.24 $147.24 $147.24 


Substituting Eq. (2) into (4) yields 
10 
«$147.24 


sin6 cos $ —cos O sing = 


sin(9 —4 ) = Im 


However, $ = cn (+2) = 8.5317. Thus, 


10 
ia724 
6 - 8.531” = 55.50? 

0 = 64.0? 


sin(9 -8.531*) = 
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*4-8. The handle of the hammer is subjected to the force 
of F = 20 lb. Determine the moment of this force about the 


point A. 


Resolving the 20 - 1b force into components parallel and perpendicular to the hammer, Fig. a, 
and applying the principle of moments, 


+MaA = -20c0830(18)- 20sin30(5) 
= -361.77 lb-in=362 lb-in (clockwise) 
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+4-9, In order to pull out the nail at B, the force F exerted 
on the handle of the hammer must produce a clockwise 
moment of 500lb-in. about point A. Determine the 
required magnitude of force F. 


Resolving force F into components parallel and perpendicular to the hammer, Fig. a, 
and applying the principle of moments, 


(+n y = 500 = —Fcos 3018) — F sin30(5) 
F =27.61b 
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4-10. The hub of the wheel can be attached to the axle 
either with negative offset (left) or with positive offset 
(right). If the tire is subjected to both a normal and radial 
load as shown, determine the resultant moment of these 
loads about point O on the axle for both cases. 


For case 1 with negative offset, we have 


(+ Mo = 800(0.4) - 4000(0.05) 
=120N-m  (Counterclockwise) 


For case 2 with positive offset, we have 


[+ M, = 800(0.4) +4000(0.05) 
=520N.m  (Counterclockwise) 
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4-11. The member is subjected to a force of F = 6 kN. If 
9 = 45”, determine the moment produced by F about 


point A. 


Resolving force F into horizontal and vertical components, Fig. a, and applying the principle of moments, 


(qu 4 = 600845 6)- 6sin45" (3) 


= —38.18 kN -m=38.2kN -m (clockwise) 
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*4-12. Determine the angle 0 (0 < O <= 180%) of the 
force F so that it produces a maximum moment and a 
minimum moment about point A. Also, what are the 
magnitudes of these maximum and minimum moments? 


In order to produce the maximum moment about point A, force F must act perpendicular to line AB, 
Fig. a. From the geometry of this diagram, 


= an! £)- 63.430 
=m1(5) 


6 = 90” — $ = 90? — 63.43" = 26.6” 


Also, 


a= de? +3? = Jas m 


The maximum moment of F about point A is given by 
(M4 max = Fd = 6/ JAS) = 40.2kN -m 


The minimum moment of F about point A occurs when the line of action of F passes through point A. 
Referring to Fig. b, 
6 = 180? —¿$ = 180" -— 63.43” = 117? Ans. 


and 
(MA )min = Fd = (0)=0 
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«4-13. Determine the moment produced by the force F 
about point A in terms of the angle 6. Plot the graph of Ma 
versus 0, where 0% <= 9 <= 180". 


Moment Function: Resolving force F into horizontal and vertical components, Fig. a, and applying the principle of moments, 


(Ma = —60050(6)- 6sin6 (3) 
= -(360080 + 18sin 9) KN -m 
=(360c0s O + 18sin09 )kN - m (clockwise) 


The maximum moment occurs when La =0. 


ss —36sin0 + 180050 = 0 


0 =26.6" 


The maximum moment of F about point A is given by 
(M4 )max = 3600526.57* + 18sin26.57% = 40.2kN -m 


Also, 

Malo=0> = 36c0s 0? + 18sin0? = 36kN -m 
Malo..900 = 36008907 + 18sin 90?= 18kN -m 
Malo. 80 = 36005 180 + 18sin 180? =-36kN -m 


WhenMx =0 
0 = 360050 + 18 sin0 


The plot of M 4 versus 0 is shown in Fig. b. 


Ma (kim) 
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4-14. Serious neck injuries can occur when a football 
player is struck in the face guard of his helmet in the 
manner shown, giving rise to a guillotine mechanism. 
Determine the moment of the knee force P = 50 lb about 
point A. What would be the magnitude of the neck force F 
so that it gives the counterbalancing moment about A? 


(+ My = 50 sin 60? (4) - 50cos 60” (2) = 123.2= 123 lb- a) Ans 


123.2 = Fcos Y (6) 


F = 23.7 1b Ans 


4-15. The Achilles tendon force of F,=650N is 
mobilized when the man tries to stand on his toes. As this is 
done, each of his feet is subjected to a reactive force of 
Ny = 400 N. Determine the resultant moment of F, and Ny 
about the ankle joint A. 


Referring to Fig. a, 
(Ur )a =EFd; — (Mp)a =400(0.1)= 6500.65) 0085" 
= -2.09N -m=2.09N «m (clockwise) 
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*4-16. The Achilles tendon force F, is mobilized when the 
man tries to stand on his toes. As this is done, each of his feet 
is subjected to a reactive force of N, = 400 N. If the resultant 
moment produced by forces F, and N, about the ankle joint 
A is required to be zero, determine the magnitude of F,. 


Referring to Fig. a, 
(4Mg lA = EFd;  0=400(0.1)=F cos5”(0.065) 
F =618N 


«4-17. The two boys push on the gate with forces of 
FA =30 lb and as shown. Determine the moment of each 
force about C. Which way will the gate rotate, clockwise or 
counterclockwise? Neglect the thickness of the gate. 


(+ (9,).=-a0(3)0 


=-1621b-fi=1621b-ft  (Clockwise) 


G (4). = 50(sin 60%) (6) 
=260b-ft  (Counterclockwise) Ans 


Since (4p,) ¿> (Mp, ) ¿.. the gate will rotate Counterciockwise. — Ans 


4-18. Two boys push on the gate as shown. If the boy at B 
exerts a force of Fg = 30 lb, determine the magnitude of 
the force F', the boy at A must exert in order to prevent the 
gate from turning. Neglect the thickness of the gate. 


In order to prevent the gate from tuming, the 
resultant moment about point C must be equal to zero. 


(o Ma, =ZFd; Ma. =0= 3Osin sos) 5 (5) 


E, =28.9 lb 
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4-19. The tongs are used to grip the ends of the drilling 
pipe P. Determine the torque (moment) Mp that the 
applied force F = 150 lb exerts on the pipe about point P 
as a function of 6. Plot this moment Mp versus O for 
0=0=090". 


Mp» = 150 cos0(43)+ 150 sinA(6) 
= (6450 cos 9 +900 sin0) lb- in. 
= (537.5 cos09+75 sin0) lb- f Ans 


dM» d 75 
> 537.5 sin9+75 cos6 =0 a 0 =7.943 


Al 9 =7.943", Mp is maximum. 


(Mpimar = 538 cos 7.943" +75 sin 7.943" = 543 lb- f 


12 12 


Also (MpJmaz = 150 1b (8) (y) =543D- fi 


*4-20. The tongs are used to grip the ends of the drilling; 
pipe P. If a torque (moment) of Mp = 800 Ib - ft is needed 
at P to turn the pipe, determine the cable force F that must 
be applied to the tongs. Set 9 = 30". 


Mp = Fcos30"(43) + Fsin30"(6) Set Mp = 800(12) lb- in. 


800( 12) = Fcos30"(43) + Fsin30"(6) 


F =239 lb 
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«4-21. Determine the direction 0 for 0? = 9 = 180” of the 
force F so that it produces the maximum moment about 
point A. Calculate this moment. 


(Ma = 400/(3+(2)7 = 1442N-m 


Ma = 144kN.m Áns 


p. tn*(5) = 33.69 


9 2 9" - 33.6% = 563% Anos 
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4-22. Determine the moment of the force F about point A 
as a function of 6. Plot the results of M (ordinate) versus O 
(abscissa) for 0 = 6 = 180". 


k + Ma = 400 sin0(3) + 400 cos6(2) 


= 1200 sinó + 800 cosó 


== = 1200 cos9 - 800 sinó = 0 


(Mama = 1200 sin 56.3% + 800 cos 56.3% = 1442 N- 


4-23. Determine the minimum moment produced by 
the force F about point A. Specify the angle 0 (0? <= 
90 = 1805). 


Main =400(0)=0  Ans 


Omia = 907 + 56,39 = 146% Ans 
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*4-24. In order to raise the lamp post from the position 
shown, force F is applied to the cable. If F = 2001b, 
determine the moment produced by F about point A. 


Geometry: Applying the law of cosines to Fig. a, 


BC? = 10? + 20? — 2(10(20) cos 105* 
BC= 24.57 ft 


Then, applying the law of sines, 
sinó _ sin105* 


8 =23.15" 
24.57 


Moment About Point A: By resolving force F into components parallel and perpendicular to the lamp pole, 
Fig. a, and applying the principle of moments, 
UE )a = ERA; M a = 200sin23.15"(20)+20000s 23.15*(0) 
=1572.73 lb-ft =1.57 kip-ft (counterclockwise) 
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4-25. In order to raise the lamp post from the position 
shown, the force F on the cable must create a counterclockwise 
moment of 1500 lb-ft about point A. Determine the 
magnitude of F that must be applied to the cable. 


Geometry: Applying the law of cosines to Fig. a, 


BC? = 10? + 20? — 2(10(20) cos 105 
BC= 24.57 ft 


Then, applying the law of sines, 


sin9 _ sin105 


vias 28 


Moment About Point A: By resolving force F into components parallel and perpendicular to the lamp pole, 
Fig. a, and applying the principle of moments, 


(«MA =YERd; — 1500= Fsin23.15"(20) 


F=191 lb 
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4-26. The foot segment is subjected to the pull of the two 
plantarflexor muscles. Determine the moment of each force 
about the point of contact A on the ground. 


(Mah =20 os 30*(4.5)+20 sin 30*(4) = 1181b- in. ) 


(Mad = 30 cos 70* (4) +30 sin 70%(3. 5) = 140 Ib- in. ) 


4-27. The 70-N force acts on the end of the pipe at B. 
Determine (a) the moment of this force about point A, and 
(b) the magnitude and direction of a horizontal force, applied 
at C, which produces the same moment. Take 9 = 60”. 


(a) 7 +M, = 70 sin60*(0.7) + 70 cos60*(0.9) 
M, 73.94 = 73.9 Nm) Ans 


(0)  E*(0.9) = 73.94 


Fo = 822N+ 


208 


4 Solutions 44918 1/23/09 12:03 PM Page 209 = 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*4-28. The 70-N force acts on the end of the pipe at B. 
Determine the angles 0 (0% <= 9 <= 1809) of the force that 
will produce maximum and minimum moments about 
point A. What are the magnitudes of these moments? 


( +M, = 70 sin6(0.7) + 70 cos6(0.9) 


M, = 49 sinó + 63 cos0 


— 


maxi. t——= = 
For mura momen 7 


dM, 


=0; 4 NN - 
7 0 9 cos9 — 63 sinO = 0 


1,49 
= —) = 37.9 
q. E 
(MOma = 49 sin37.9” + 63 cos37.9* 
793 N-m- 


For minimum moment M, = 0 


M=0 49sin9 +63c089 =0 


1,763 
) 180” + ta (5) 128" 


(Mmin = 49 sin128? + 63 cos128” = 0 


+4-29, Determine the moment of each force about the 
bolt located at A.Take Fg = 40 lb, F¿ = 50 1b. 


| +M, = 40 cos25%(2.5) = 90.6 1b-£t 5 Ans 


L +M¿ = 50 cos30"(3.25) = 141 b-1:) Ans 
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430. IfFg¿= 30lband F¿ = 45 lb, determine the resultant 
moment about the bolt located at A. 


(+M, = 30 cos25”(2.5) + 45c0830"(3.25) 


195 1b-1t5 Ans 


4-31. The rod on the power control mechanism for a 
business jet is subjected to a force of 80 N. Determine the 
moment of this force about the bearing at A. 


(+ Ma = 80c0s 20? (0.15 sin 60) — 80 sin 20* (0.15.cos 60%) = 7.71N» mY Ans 


*4-32. The towline exerts a force of P = 4kN at the end 
of the 20-m-long crane boom. If 9 = 30%, determine the 
placement x of the hook at A so that this force creates a 
maximum moment about point O. What is this moment? 


Maximum moment, OB 1 BA 


C+(Momax = 4 kN(20) = 30 kN -m ) Ans 


4 sin60"(x) — 4 KN cos60%(1.5) = 80 kKN-m 


x= 240m Ans 
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«4-33. The towline exerts a force of P = 4kN at the end 
of the 20-m-long crane boom. If x = 25 m, determine the 
position 6 of the boom so that this force creates a maximum 
moment about point O. What is this moment? 


Maximum moment, OB L BA 
7 +(Mo)maz = 4000(20) = 80 000 N-m = 80.0 KN -m 
4000 sing(25) — 4000 cos$(1.5) = 80 000 
25sinp — 1.5 cosp = 20 
$ = 56.43* 
0 = 90” — 56.43" = 33.6? 
un 


(15 +2 = y? 


VWy + y? = 25242 


20(1/2.25 + 22) + 2.25 +2? = 252 + 22 
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4-34. In order to hold the wheelbarrow in the position 
shown, force F must produce a counterclockwise moment 
of 200 N- m about the axle at A. Determine the required 
magnitude of force F. 


Resolving force F into its horzontal and vertical components, Fig. a, 
and applying the principle of moments, 
Ma = 200 = Fsin 301.5) + Feos 301.15) 
F =115N 
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4-35. The wheelbarrow and its contents have a mass of 
50 kg and a center of mass at G. If the resultant moment 
produced by force F and the weight about point A is to be 
zero, determine the required magnitude of force F. 


Resolving force F into its horzontal and vertical components, Fig. a, 
and applying the principle of moments, 
(HMUR da = EFd; 0=F sin30(1.5)+F cos30%(1.15)- 50(9.81)(0.3) 
F =84,3N 


500981) N 
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*4-36. The wheelbarrow and its contents have a center of 
mass at G.If F = 100 N and the resultant moment produced 
by force F and the weight about the axle at A is zero, 
determine the mass of the wheelbarrow and its contents. 


Resolving force F into its horzontal and vertical components, Fig. a, 
and applying the principle of moments, 
QUÉ )a = EF4; 0= 100008 30(1.15) + 100sin30%(1.5)— M(9.81)(0.3) 
M = 59.3 kg 


/100C0530"N 


100SiN30* N 
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4-37. Determine the moment produced by F, about 
point O. Express the result as a Cartesian vector. 


Position Vector: The position vector ropa, Fig. a, must be determined first. 
roa =(3- Oi+(3—0)j+(-2- 0)k = [3 + 3j-2k]ft 


Vector Cross Product: The moment of F; about point O is 
ij k 

Mo=roaA xXF¡=|3 3 -—2A=[110i-50j+90k]Ib-ft 
20 10 3 
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4-38. Determine the moment produced by F, about 
point O. Express the result as a Cartesian vector. 


1ft 
24 
y 
7 O 
e ft F, = (-20i + 105 + 30k) lb 


F, = (—10i — 30j + 50k) lb 


x 


Position Vector: The position vector rpx, Fig. a, must be determined first. 
Toa =B3- Oi+(3-0)j+(-2- 0)k = [+ 3j-2k]ft 


Vector Cross Product: The moment of F) about point O is 


i j k 
Mo=roaA xXF?=| 3 3 -2=[90i-130j-— 60k] Ib -ft 
10 30 5 
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4-39. Determine the resultant moment produced by the two 
forces about point O. Express the result as a Cartesian vector. 


Position Vector: The position vector p)4 , Fig. a, must be determined first. 
Da = G-0)i+(3- 0)j+ (-2 -0)k = Bi+3j- 2kJft 


Resultant Moment: The resultant moment of F; and F» about point O can be determined by 
(Mp)do = va XFE¡ + oa XF> 
ij k i 
3. 3 A+3 3 2 
20 10 10 -30 50 
= [200i —- 1805 +30k] Ib-ft 


Or we can apply the principle of moments which gives 


(Mr)do = A X(F +F>) 


30 20 
= (2001 — 180j+ 30k) Ib-R 


A 


(3,3,-2)Ht 
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*4-40. Determine the moment produced by force Fz 
about point O. Express the result as a Cartesian vector. 


Position Vector and Force Vectors: Either position vector rg4 or ryg can be used 
to determine the moment of Fg about point O. 
A = [6k] m rog =[2.5j] m 


The force vector Fg is given by 


(0-0) +(2.5—0)j+(0- 6)k 

Fg = Fu pg = = —720k]N 

ci 0-0)" +(2.5- 0) +(0- 6) | did 

Vector Cross Product: The moment of Fg about point O is given by 
ij  k 


Mo=r04XFg =[0. 0 6 |=[-1800i)N -m=(-1.80i]kN -m 
300 -72 


ij ok 
Mo =rop XFg =l0 2.5 = (-18001] N -m=(-1.801]KkN -m 
300 -— 


A(0,0,6)m 
F=780 N 
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e4-41. Determine the moment produced by force Fc 
about point O. Express the result as a Cartesian vector. 


Position Vector and Force Vectors: Either position vector rg, or pc can be used 
to determine the moment of Fc about point O. 

A =16k) m 

Toc =(Q-0)i+(3- 0)j+(0—0)k = (2i— 3j]m 


The force vector Fc is given by 


Fc = Fue = 420 LS D4+(0-9K | 11205- 1803-360k]N 
OE 0-0) 


Vector Cross Product: The moment of Fc about point O is given by 
ij k 

Mo="roAXxFc=|j0 0 6 | =[1080i+ 720j]N -m 
120 -180 -—360 


i j k 
Mo="T0c xFc =|2 3 0 [=[1080i+720j]N -m 
20 -180 
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4-42. Determine the resultant moment produced by 
forces Fz and F¿ about point O. Express the result as a 
Cartesian vector. 


Position Vector and Force Vectors: The position vector rg and force vectors Fg and Fc, 
Fig. a, must be determined first. 
A =16k) m 


Lea E E A |- ojo 
0-0) +(2.5- 0)” +(0- 6) 
2- 0)i+(3- 0)j+(0-—6)k 
Fc = ku gr =42 = [120i — 1805 -360k]N 
c= er 2- 0) +(-3-0)* +(0-6) y y ¡ 


Resultant Moment: The resultant moment of Fg and Fc about point O is given by 
Mo =r04 XFz "id = ma XFC 
j k i j k 
0 6|+0 0 6 
300 -—74 |120 -180 - 
[-720i+ 7205] N -m 


ACO O, 6)m 
la=780N 


Y 


B(8250)m 
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4-43. Determine the moment produced by each force 
about point O located on the drill bit. Express the results as 


E 600 mm 
Cartesian vectors. 


F, = (-40i — 1005 — 60k) N 
| y 


Position Vector: The position vectors 4 and rgg, Fig. a, must be determined first. 
mA = (0.15- O)i+(0.3-0)j+(0-—0)k = [0.15i+ 0.3j]m Fs = (-50i - 120] + 60k) N 
rog = (0- O)i+(0.6— 0)j+(-0.15—0)k = [0.6j—0.15k ]m : 


Vector Cross Product: The moment of F4 about point O is 


(Mr)o = va XFa 
ij ok 
=|0..15 03 0 
40 -100 
= (-18i+9j-3k]N -m 


The moment of Fg about point O is 


(Mr)o = oz XFB 
ij k 
06 -0.1 
so -120 60 
=[181+7.5j+30k]N -m 


K(015,0:3, 0:03) m 
Xx 
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*4-44. A force of F = (6i — 2j + 1k) kN produces a 
moment of My = (4i + 5j — 14k) kN - m about the origin 
of coordinates, point O. If the force acts at a point having an 
x coordinate of x = 1 m, determine the y and z coordinates. 


j k 

Mo =|l y 2j+=Mi +5j- 14k]kN -m 
2 1 

y+23=4 

-1+67 =5 

—2- 6y =-14 

y=2m Ans. 

z=1m  Ans, 


«4-45. The pipe assembly is subjected to the 80-N force. 
Determine the moment of this force about point A. 


Position Vector And Force Vector : 


Fac = ((0.55-0)i+(0.4-0)j+(-0.2-0)k) m 
= (0.55i+0.4)-0.2k) m 


F = 80(cos 30*sin 40% +cos 30%cos 40] sin 30"k) N 
= (44.531 + 53.07] - 40.0k) N 


Moment of Force F About Point A : Applying Eq.4-7, we have 


M, =fycXxF 


¡ j k 
=1055 04 02) 
44.53 5307  -40, 


= (-5.39+13.1)+11.4k) N-m 
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4-46. The pipe assembly is subjected to the 80-N force. 
Determine the moment of this force about point B. 


Position Vector And Force Vector : 


Fac = ((0.55-0)1+(0.4-0.4)+(-0.2-0)k) m 
= (0.55i-0.2k) m 


F = 80(c0s 30*sin 40% +cos 30*cos 40% sin 30k) N 
= (44.531 + 53.07j-40.0k) N 


Moment of Force F About Point B : Applying Eq.4-7, we have 


M; = TyC xF 
i j k 
=| 0.55 0 -02| 
4453 5307  -40. 


= (10.61 +13.1)+29.2k) Nm 


4-47. The force F= (6i + 8j + 10k) N creates a 
moment about point O of My = (—14i + 8j + 2k) N-m. 
If the force passes through a point having an x coordinate of 
1 m, determine the y and z coordinates of the point. Also, 
realizing that Mo = Fd, determine the perpendicular 
distance d from point O to the line of action of F. 


Jj k 
-141+8)+2k =|1 y ¿ 


6 8 1 
-14 = 10y - 8z 
8 = -10 + 62 
2=8-6y 
y<= lim Ans 


2=3m Ans 
Mo = Y(-14) + (8% + (2% = 16.25 N. m 
F = /(6% + (8 +(10P = 14.14 N 


16.25 
de 
rr Ans 
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*4-48. Force F acts perpendicular to the inclined plane. 
Determine the moment produced by F about point A. 
Express the result as a Cartesian vector. 


Force Vector: Since force Fis perpendicular to the inclined plane, its unit vector u y 
is equal to the unit vector of the cross product, b = ryc X rgc , Fig. a.Here 

rac = (0- 0)i+(4-—0)j+(0- 3)k =[4j- 3k] m 

rac = (0- 3)i+(4-— 0)j+(0-—0)k =[3i+ 4j]m 


Thus, 


ij k 


b=rk4 xrg =|0 4 - 
340 


=(12i+ 9j+ 12k]m? 


Then, 
mp = PRE - 0.62471+0.46853+0.6247K 


hi2 +92 +122 


Andfinally 
F = Fu fp = 400(0.6247i+0.4685j+0.6247k) 
= [249.881 + 187.41j+ 249.88k]N 


Vector Cross Product: The moment of F about point A is 
i j k 
Ma=taxF=j| 0 4 3 
9.88 187.41 249. 


=[1.56i- 0.750]- 1k] kN -m 
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4-49, Force F acts perpendicular to the inclined plane. 
Determine the moment produced by F about point B. 
Express the result as a Cartesian vector. 


Force Vector: Since force Fis perpendicular to the inclined plane, its unit vector u y 
is equal to the unit vector of the cross product, b = ryc X rar, Fig. a.Here 

rac = (0- 0)i+(4-0)j+(0- 9k =[4j- 3k] m 

rac = (0- 3)i+(4- 0)j+(0 —0)k = [3i+ 4j]m 


k 
=[121+ 9+ 12k] m? 


j 
4 
4 


0 


0 =>= 29H - 0.62471+0.4685j+0.6247k 


12? +9 +12? 


Andfinally 
F = Fa p = 400(0.6247i +0.4685j+0.6247k) 
=[249.88i + 187.41j+ 249.88k]N 


Vector Cross Product: The moment of F about point B is 
i j k 
Mp =raxF=]| 3 4 0 
9.88 187.41 249. 
= [li +0.7505- 1.56k] kN -m 
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4-50. A 20-N horizontal force is applied perpendicular to 
the handle of the socket wrench. Determine the magnitude 
and the coordinate direction angles of the moment created 
by this force about point O. 


Ea = 0.2 sin 15*1 + 0.2005 15" j + 0.075 k 
=0.051761 +0.1932 j +0.075 k 
F = -2000s 15%1 + 20 sin 15*j 
= -19.324+5.176j 
í J k 
Mo = ra X F = |0.05176 0.1932 0.07 
- 19.32 5.1716 0 
= (-0.3882 1 - 1.449) +4.00k) N- m 


Mo 24.272 = 4.27N- m Ans' 
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4-51. Determine the moment produced by force F about F = (-6i + 3j + 10k) N 
the diagonal AF of the rectangular block. Express the result 
as a Cartesian vector. 


Moment About Diagonal AF: Either position vector r4g or rpg, Fig. a, can be used to find the moment of F 
about diagonal AF. 

ras = (0- 0)i+(3-0)j+(1.5-1.5)k = [3j] m 

rfg = (0- 3)i+(3- 9)j+(1.5—0)k =[3i+1.5k]m 


The unit vector u ¿f, Fig. a, that specifies the direction of diagonal AF is given by 


dira (3- 0 +(3—0)j+(0—1.5)k hi k 


de-o*+6-02+0-152 3 


The magnitude of the moment of F about diagonal AF axis is 


Mar =UaAF "Tag XF= 
6 
- H1x10.-cxo]- pao) -coxo] + -3 0-3] 
=14N-m 


or 


15 
10 


2 2 
Mar =04F rfBXF=|3 3 
3.0 
6 3 


= 20010) X 15) ¿(00 -o19]+(-3 [xoxo] 
=14N-m 


Thus, Mpf can be expressed in Cartesian vector form as 


Mit Gu h1- 31) =19301+939)-4S7]N =m 


F(3,3,0)m 


(4) 
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*4-52. Determine the moment produced by force F about F = (-6i + 3j + 10k) N 
the diagonal OD of the rectangular block. Express the 
result as a Cartesian vector. 


Moment About Diagonal OD: Either position vector rpg or rpg, Fig. a, can be used to find the moment of F 
about diagonal OD. 


rog =(0-0)i+(3- 0)j+(1.5-0)k = Bj+1.5j]m 
rpg = (0- 9)i+(3- 3)j+(1.5- 1.5)k = £4]m 


The unit vector agp, Fig. a, that specifies the direction of diagonal OD is given by 


da (3- 0 +(3-—0)j+(1.5- 0)k GR 


de 6-0 70-15" >. 23 


The magnitude of the moment of F about diagonal OD is 


Mob = Wop *Tog XF = 


= 110) -6x0.5]- <[000)-(—6X1.5)]+ 2103) 68) 
=17N«m 


2 
Mob = %op *Tpa XF= > 


6 10 


= 10010) (3N0]- Z1200)-(6X0]+=[-X3-SX0) 
=17N-m 


Thus, Mpp Can be expressed in Cartesian vector form as 


Mop = Moptop = (uh) 5.67k]N -m 


D(3,3,1:5)m 


228 


4 Solutions 44918 1/23/09 12:03 PM Page 229 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


«4-53. The tool is used to shut off gas valves that are 
difficult to access. If the force F is applied to the handle, 
determine the component of the moment created about the 
z axis of the valve. F = (-60i + 20j + 15k) N 


u=k 
r = 0.25 sin 30% 4 + 0.25 cos 30" j 
= 0.1251 + 0.2165 j 
0 0 1 


M, = [0.125 0.2165 o = 155N- m Aus 
- 60 2 1 


4-54. Determine the magnitude of the moments of the 
force F about the x, y, and z axes. Solve the problem (a) using 
a Cartesian vector approach and (b) using a scalar approach. 


2) Vector Analysis 
Position Vector : 
Tas = [(4-0)i+(3-0)j+(-2-0)k) ft= (44 +3j-2k) ft 


Moment of Force E About x, y and z Axes : The unit vectors along 
x, y and z axes are i, jand k respectively. Applying Eq.4-%, we have 


M, =i-(rja Xx E) 
l 0 0 
e 
= 1(3(-3) - (12) (-2)] -0+0= 15.0 lb- ft F = (4i + 12j — 3k) lb 


M, =j-(r,a X F) 


=0-1(4(-3) -(4) (-2)]+0=4.00 b- fi b) Scalar Analysis 
e =Et M,=YM,; M,=12(2)-3(3)=150lb-ft  Ans 


Mm, =M; M, = 4(2)+3(4) = 4.00 lb - ft Ans 


=0-0+114(12) -4(3)1 =36.0 1b - £t 


M,_=YIM,; M_=-4(3)+12(4)=36.0Ib-ft  Ans 
2 
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4-55. Determine the moment of the force F about an axis 
extending between A and C. Express the result as a 
Cartesian vector. 


F = (4i + 12] — 3k) lb 


Position Vector : 


ca = (-2k) ft 
Tas = [(4-0)1+(3-0)j+(-2-0)k) ft= (4i+3j-2k) A 


Unit Vector Along AC Axis : 
Mac =Uac o (rpg Xx F) 


(4-0)1+(3-0)j 
= == = 0,81 +0.6 

(4-0) +(3-0)* i la? 
M f Force F About AC Axis : With F = (4i + 12j-3k) lb PM 

'oment of Force F About xis: = (4i + 12j- . =0.8[(3)(-3) - 12(-2)] -0.614(-3) 41 - 
applying Eq.4-TA, we have ]-0.6[4(-3) -4(-2)]+0 


Vac 


=14.4lb-ft 


Mac =Uac (Fea X F) 
Expressing M,c as a Cartesian vector yields 


=|10 0 - 
4 12 - 
= 0.8((0) (-3) - 12(-2)] - 0.6[0(-3) - 4(-2)] +0 


0.8 06 -] 


Mac =Mactac 
= 14.4(0.8i+0.6)) 
= (11.5i+8.64)) lb. fi 


= 14.4 1b. ft 
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*4-56. Determine the moment produced by force F about 
segment AB of the pipe assembly. Express the result as a 
Cartesian vector. 


F = (-20i + 10j + 15k) N 


Moment About Line AB: Either position vector rc or rg can be conveniently used 
to determine the moment of F about line AB. 

Tac =(3- 0)i+(4—0)j+(4—0)k =[3i+4j+ 4k ]m 

Trac =(3- 3)i+(4- 4)j+(4-0)k =[4k] m 


The unit vector u ¿g, Fig. a, that specifies the direction of line AB is given by 
(3-0) +(4-0)j+(0-0k__ 3. 4; 


UAB = 
3-0? +(4-0?+(0-0? 3 $ 


Thus, the magnitude of the moment of F about line AB is given by 


Ma = UAB “TAC xF = 


0 
4 
1 


=[0015)- 10(4)] - [015)-(-20X4))+ 0 


=-38N «m 
Thus, M yg can be expressed in Cartesian vector form as 


Más = MATA 00 di) 281-704 om Ans. 
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4-57. Determine the magnitude of the moment that the 
force F exerts about the y axis of the shaft. Solve the 
problem using a Cartesian vector approach and using a 
scalar approach. 


a) Vector Analysis 

Position Vector and Force Vector : 
ros = [0.2cos 45% -—0.2sin 45%k) m= (0.1414i-0.1414k) m 
F = 16(-<os 30% + sin 30%k) N = (-13.856i + 8.00k) N 


Moment of Force E About y Axis : The unit vector along the y axis 
isj. Applying Eq.4-11, we have 


M, =3- (tos * E) 


0 1 0 
=| 0.1414 0 -o:1434 


-13.856 0 8 
=0- 1[0.1414(8) -(-13.856) (-0.1414)] +0 


= 0.828 N-m 


b) Scalar Analysis 


M, =1M,;  M, =16c0s 30*(0.2sin 45%) 
— 16sin 30? (0.2cos 45%) 
= 0.828 Nm Ans 
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4-58. If F =450N, determine the magnitude of the 
moment produced by this force about the x axis. 


Moment About the x axis: Either position vector r¿g Or rgg can be used 
to determine the moment of F about the xaxis. 

Tag = (4.15 —0)i+(0.3- 0)j+(0.1-— 0)k = [-0.15i+0.3j+0.1k]m 

rg = [+1.5- (20.15)i+(0.3- 0)j+(0.1-—0)k = [0.3+ 0.1k]m 


The force vector F is given by 
F = 450(- cos 60% + c0s 60? j+00s 45%) =[-225i+ 225j+318.20k]N 


Knowing that the unit vector of the x axis isi, the magnitude of the moment of F about the xaxis is 
given by 


1 0 0 
0.15 03 0.1 
-225 225 318.2 


= 1[0.4318.20)-(225X0.1)]+ 0+ 0=73.0N -m 


M; =1i-rAg xF= 


0 
03 01 
225 225 318.20 


= 1[0.3(318.20) - (225X0.1)]+0+0=73.0N -m 
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4-59, The friction at sleeve A can provide a maximum 
resisting moment of 125 N- m about the x axis. Determine 
the largest magnitude of force F that can be applied to the 
bracket so that the bracket will not turn. 


Moment About the x axis: The position vector r¿g , Fig. a, will be used 
to determine the moment of F about the xaxis. 
Tag = (40.15-0)i+(0.3- 0)j+(0.1-— 0)k = [-0.15i+0.3j+0.1k] m 


The force vector F is given by 
F = F(- c0s60%i +c0s 60?j+ c0s45"k)= —0.5Fi+0.5Fj + 0.7071Fk 


Knowing that the unit vector of the x axis is i, the magnitude of the moment of F about the xaxis is 
given by 


1 0 0 
0.15 03 0.1 
0.5F 0.SF 0.7071F 
= 1[0.30.7071F)— 0.5F(0.1)]+ 0+ 0= 0.1621F 
Since the friction at sleeve A can resist a moment of M, = 125N -m, the maximum allowable magnitude of 
Fis given by 


M; =i-rag xF= 


125=0.1621F 
F=TIN 
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*4-60. Determine the magnitude of the moment 
produced by the force of F = 200 N about the hinged axis 
(the x axis) of the door. 


Moment About the x axis: Either position vector rgg orrg4 can be used 
to determine the moment of F about the xaxis. 

rca = (2.5- 2.5)i+(0.9659— 0)j+(0.2588 — 0)k = [0.9659 j + 0.2588k] m 
ro =(0.5-—0)i+(0-—0)j+(2 —0)k = [0.5i+ 2k]m 


The force vector F ¡is given by 


(0.5- 2.5)i+(0-— 0.9659)j + (2 — 0.2588)k 


dios- 2.5)? +(0 0.9659)? +(2 0.2588)? 


Knowing that the unit vector of the x axis ¡is i, the magnitude of the moment of F about the xaxis is 
given by 


F = Fu pg =2 = [-141.73i-—68.45j+ 123.39k]N 


1 0 0 
Ma =ktra xF= = 137N- 
x =EFCA 0 09659 0. rn 


141.73 -68.45 123.3 


1 
0.5 
141.73 -68.45 123.3 


M; =i-rogg xXF= 


8(0:5,0,2)M 4 


¡ 


= (25, 09659, 0:2588) 
C(2:5,0,0)m 


(a) 


235 


4 Solutions 44918 1/23/09 12:03 PM Page 236 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*4-61. If the tension in the cable is F = 140 lb, determine 
the magnitude of the moment produced by this force about 
the hinged axis, CD, of the panel. 


Moment About the CD axis: Either position vector rc4 or rpg, Fig. a, can be used 
to determine the moment of F about the CDaxis. 

rca = (6- 0)i+(0- 0)j+(0—0)k =[6i]ft 

rp = (0- 0)i+(4-8)j+(12-— 6)k =[-4j+ 6k]ft 


Referring to Fig. a, the force vector F can be written as 


(0-6)i+(4-— 0)j+(12— 0)k 


F=ñAag=! 
(0-6) +(4-0)? +(12- 0)? 


= [-60i+403+ 120k] Ib 


The unit vector up, Fig. a, that specifies the direction of the CD axis is given by 


ap = OE OH 60k_ 45,3. 


lo-02+8-02+(6-02 + * 
Thus, the magnitude of the moment of F about the CD axis is given by 
0 
Mco = Ucp *Fca XF = 
121 


=0- Hs 120)—(-60X0)] + ¿[5t40) -(60X0)] 
= 432 1b-ft 


Mco = %cp rpg XF = q 


Z 
5 
4 
40 


120 
=0- <[0(120)-(-60X6)] + H[0(40) -(-60X-4)] 
= -432 lb-f 


The negative sign indicates that Mgp acts in the opposite sense to that of 4 cp . 


Bro, 4,12) ft 


ÁA(6,0,0) 
(2) 
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4-62. Determine the magnitude of force F in cable AB in 
order to produce a moment of 500 lb + ft about the hinged 
axis CD, which is needed to hold the panel in the position 
shown. 


Moment About the CD axis: Either position vector rc4 or rg, Fig. a, can be used 
to determine the moment of F about the CD axis. 

rca = (6- 0)i+(0-— 0)j+(0-—0)k =[6i]ft 

rg = (0- 0)i+(4-0)j+(12 —0)k =[4j+ 12k]ft 


Referring to Fig. a, the force vector F can be written as 


PRAGA (0— NATA 0)j+(12— 0)k 3 m2 qm $ ri 


(0- 0-6 +(4-0?+(12- 0% 0)? +(12- | 7 
The unit vector up, Fig. a, that specifies the direction of the CD axis is given by 
de (0- Oi +(8—0)j+(6— 0)k 21924 
(0- 0)? +(8- 0)? +(6-0)? 


Thus, the magnitude of the moment of F about the CD axis is required to be Mcp = [500] 1b-ft. Thus, 


la 
On] w 
= | 


1 

I 
| w 

= 
Ga 

E 
o] 

+ 


F= 162 lb 
or 


Mco = cp “rca XF 


F 


B(0,4, 12.) pt 
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4-63. The A-frame is being hoisted into an upright 
position by the vertical force of F = 80 lb. Determine the 
moment of this force about the y” axis passing through 
points A and B when the frame is in the position shown. 


Scalar analysis : 

M, = 80 (6c0s 15) = 464 1b. fi Ans 
Vector analysis : 

as = Sy$30" 1 + cos 307] 
Coordinates of point C : 

x = 3sin30? — 6cos 15 cos 30 = —-3.52f 
y = 3c0s 30" + 6c08 15" sin 4 a S.s0R 
72 6smlS = 155R 

Fac = - 3.521 + 5.50] +1.55k 


F = 80k 


My =|-352 $550 15 


sin 30% cos 30? A 
0 0 80 


M, = 464. fi Ans 
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*4-64. The A-frame is being hoisted into an upright 
position by the vertical force of F = 80 lb. Determine the 
moment of this force about the x axis when the frame is in 
the position shown. 


UsingX. y, z: 
u, =cos 30? f + sin 30? $ 
fac =-6cos 15%1' +3 J' + Ósin 15” k 
F =80k 
cos 40? sin 30? 0 
M, =|6c00s 15* 3 6 sin 15%] = 207.85 + 231.82 +0 
0 0 80 
M,=40Ib- ft  Ans 
Also, usingx, y, Z. 
Coordinates of point C : 
x = 3 sin 30” - 6c0s 15 cos 310? = - 3,52f 
y = 3 cos 30” + 6cos 15” sin 30” = 5.50 ft 
z= 6ósin15” = 1.55N 
frac = - 3.521 + 5.50] +1.55k 
F = 80k 
1 0 0 


bo (352 5.50 13]=eon a Ans 
0 0 $0 
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4-65. The A-frame is being hoisted into an upright 
position by the vertical force of F = 80 lb. Determine the 
moment of this force about the y axis when the frame is in 
the position shown. 


UsingxX, y',z: 
u, =-sin 30? 1 +c0s 30 J' 
fac =-6c09 15% 1 +35' + 6sin 15” k 
F =80k 
-sin 30? cos 30? 0 
M, =|-6 c0s 15? 3 6 sin 1-20. 0.200 
0 0 80 
M, =2821b- fi Ans 
Also, usingx, y, Z: 
Coordinates of point C : 
x= 3sin30? - 6c0s 15” cos 40" = - 3528 
y = 3 c0s 30” + 6 cos 15” sin 30 = 5.50 ft 
z= 6ósini5” = 1.55ft 
fac = - 3.524 + 5.501 +1.55k 
F = 80k 
0 


o 1 
maja 5.50 15] 2mo a Ans 
0 0 80 
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4-66. The flex-headed ratchet wrench is subjected to a 
force of P = 16 1b, applied perpendicular to the handle as 
shown. Determine the moment or torque this imparts along 
the vertical axis of the bolt at A. 


M = 16(0.75 + 10sin60*) 


M = 151 lb-in. Ans 


4-67. If a torque or moment of 80 1b-in. is required to 
loosen the bolt at A, determine the force P that must be 
applied perpendicular to the handle of the flex-headed ratchet 
wrench. 


80 = P(0.75 + 10sin60”) 


P= 341 =8.50 Ib 
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*4-68. The pipe assembly is secured on the wall by the 
two brackets. If the flower pot has a weight of 50 lb, 
determine the magnitude of the moment produced by the 
weight about the OA axis. 


Moment About the OA axis: The coordinates of point B are [(4 + 3c0s 307) cos 60”, (4 +3 005307)sin 60*, 3 sin30?]ft =(3.299, 
5.714, 1.5) ft. Either position vector rpg or ryg can be used to determine the moment of W about the OA axis. 

ros = (3.299 —0)i+(5.714— 0)j+(1.5—0)k = [3.299i+ 5.714j+ 1.5k]ft 

ras = (3.299— 0)i+(5.714-4)j+(1.5- 3)k =[3.299i+ 1.714j-—1.S5k Jft 


Since W is directed towards the negative caxis, we can write 
W = [-50k] Ib 


The unit vector u ya , Fig. a, that specifies the direction of the OA axis is given by 
Dra (0-O)i+(4- 0)j+ (3-0 +4 

0-02 +(4-0)2+(3-02  * 
The magnitude of the moment of W about the OA axis is given by 


5 
299 5.714 15 
0 0 - 


=0- <pp299(-50)-001 5)]+2B:2990)- 05714)] 
=1321b-R 


Moa = U0a Tog x W= 


Moa =U0A "Tap x W= 


=0- Eh 299(-50)-0(-1.5))+ 13.299(0)-0 1.714)] 
=1321b-f Ans. 


83-299, 5714, 1:3)J1 
(a) 
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»4-69. The pipe assembly is secured on the wall by the two 
brackets. If the frictional force of both brackets can resist a 
maximum moment of 150lb-ft, determine the largest 
weight of the flower pot that can be supported by the 
assembly without causing it to rotate about the OA axis. 


Moment About the OA axis: The coordinates of point B are [(4 + 3008 30?) cos 60”, (4 +3 005307 )sin 60*, 3sin30*]ft =(3.299, 
5.714, 1.5) ft. Either position vector rpg or rgc can be used to determine the moment of W about the OA axis. 

rog =(3.299 -0)i+(5.714— 0)j+(1.5—0)k = BB.299i+ 5,714j+ 1.5k]ft 

Tap = (3.299 0)i+(5.714-4)j+(1.5- 3)k =[3.299i+ 1.714j—1.5k Jft 


Since W is directed towards the negative axis, we can write 
W =-W 


The unit vector u ya , Fig. a, that specifies the direction of the OA axis is given by 
ei 0-0) +(4- 0)j+ (3-0 19 2x 
0- 0)? +(4-0)? +(3-0)? 


Since it is required that the magnitude of the moment of W about the OA axis not exceed 150 ft-Ib, we can write 
Moa =B0A “Top * W 


4 


[o 5 


299 5714 15 
0. 0 - 
150=0 -13.299-w)- AL5)]+ 1.299 0)-0(5.714)] 


W = 56.8 lb 
or 


Es 
5 


Moa = %oa Tog * W 


150= 0-[3299-)- 00) +2|p.299(0) - 05.714)] 
W = 56.8 lb 


“$291.57, 0) y 
(a) 
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4-70. A vertical force of F =60 N is applied to the 
handle of the pipe wrench. Determine the moment that this 
force exerts along the axis AB (x axis) of the pipe assembly. 
Both the wrench and pipe assembly ABC lie in the x— y 
plane. Suggestion: Use a scalar analysis. 


Sealar Analysis : From the geomety, the perpendicular distance from 
x axis to force F is d=0.1Ssin 45? +0.2sin 45? = 0.2475 m. 


M,=EM,; M, =-Fd=-60(0.2475) =-14.8 N-m 


Negative sign indicates thal M, is directed toward negative x axis. 
M, = 14,8N-m Ans 
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4-71. Determine the magnitude of the vertical force F 
acting on the handle of the wrench so that this force 
produces a component of moment along the AB axis (x axis) 
of the pipe assembly of (M 4), = [—5i) N : m. Both the pipe 
assembly ABC and the wrench lie in the x—y plane. 
Suggestion: Use a scalar analysis. 


Scalar Analysis : From the geometry, the perpendicular distance from 
x axis to F is d=0.1Ssin 45” +0.2sin 45* = 0.2475 m. 


M,=EM,;  -5=-F(0.2475) 
F=20,2N 


*4-72. The frictional effects of the air on the blades of the 
standing fan creates a couple moment of My = 6N-m on 
the blades. Determine the magnitude of the couple forces 
at the base of the fan so that the resultant couple moment 
on the fan is zero. 


Couple Moment: The couple moment of F produces a counterclockwise moment of Me = F(0.15+ 0.15)= 0.3F. Since the 
resultant couple moment about the axis perpendicular to the page is required to be zero, 


(+01. )r ==: 0=0.3F-6 F =20N Ans. 


245 


4 Solutions 44918 1/23/09 12:03 PM Page 246 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


4-73. Determine the required magnitude of the couple 
moments M, and M; so that the resultant couple moment 
Is Zero. 


Since the couple moment is the free vector, it can act at any point without 
altering its effect. Thus, the couple moments M;, M), and M3 can be simplified 
as shown in Fig. a. Since the resultant of M¡, M>, and My is required to be zero, 


(Mp), = My; 0= Msin 45 — 300 
M»= 424.26 N-m=424 N-m 


(Mp); = MM y; 0 = 424.26008 45" — M3 
M3 = 300 N-m 
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4-74. The caster wheel is subjected to the two couples. 
Determine the forces F that the bearings exert on the shaft 
so that the resultant couple moment on the caster is zero. 


(q =0;  500(50) -F(40) =0 


F=625N 
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4-75. If F =200lb, determine the resultant couple 
moment. 


a) By resolving the 150 - lb and 200 - Ib couples into their xand y components, Fig. a, 
the couple moments (M¿ ) and (M¿)2 produced by the 150 - lb and 200 - Ib couples, 
respectively, are given by 
(Mo = - 150008 30(4)- 150sin30%4) = 819.62 Ib-ft = 819.62 lb-ft 


(Mo = 20 $ )a)+ 20 Jo» = 560 1b-f 


Thus, the resultant couple moment can be determined from 


(MIR = Mo) + Mo 
= 319.62 + 560 = 259.62 Ib-ft =260 lb -ft (clockwise) 


By resolving the 150 - lb and 200 - Ib couples into their xand y components, Fig. a, 
and summing the moments of these force components algebraically about pointA, 


ue )R = Ma ;(Mc)r =-150sin30%(4)- 15000300) +20d $ Ja) 20 3)o 


200 +9 +200/ +0 + 150c0s 30%(2) + 150sin30%(0) 


= -259.62 lb-ft =260 lb-ft (clockwise) Ans. 
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*4-76. Determine the required magnitude of force Fif the 
resultant couple moment on the frame is 2001b-+ft, 


clockwise. 


By resolving F and the 150 - 1b couple into their x and y components, Fig. a, the couple moments (Mc ) and (M c)2 produced 
by Fand the 5 - kN couple, respectively, are given by 


(0) = (¿joo =28F 


(Mm. )2 = -15000s 30(4)— 150sin30(4)=-819.62 Ib-ft = 819.62 Ib-ft 7) 


The resultant couple moment acting on the beam is required to be 200 Ib-ft, clockwise. Thus, 


CM = MH (M0) 
—200 = 2.8F — 819.62 
F=2211b 
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4-77. The floor causes a couple moment of 
M1,= 40N-m and Mg = 30N-m on the brushes of the 
polishing machine. Determine the magnitude of the couple 
forces that must be developed by the operator on the 
handles so that the resultant couple moment on the polisher 
is zero. What is the magnitude of these forces if the brush 
at B suddenly stops so that Mg = 0? 


(+ Me = 40-30 - F(0.3) =0 
F2=333N Ans 
(+ Ma =40-F(0.3)=0 


F=133N  Ans 


4-78. 1£0 = 30”, determine the magnitude of force F so that 
the resultant couple moment is 100 N « m, clockwise. 


By resolving F and the 300 -N couple into their radial and tangential components, Fig. a, 
and summing the moment of these two force components about point O, 


(o. JR =Mo;  —100= Fsin45%0.3)+ Fcos 150.3) A300c0s 30” X0.3) 
F=111N Ans. 


Note: Since the line of action of the radial component of the forces pass through point O, no 
moment is produced about this point. 


2300$in30"N 


EH 
Y 300C0520'N 


"GR A FSin/50 
300N ] 
300Sin30"N 


(a) 
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4-79. If F = 200 N, determine the required angle 0 so that 


the resultant couple moment is zero. 


By resolving the 300 - N and 200 -N couples into their radial and tangential components, Fig. a, 
and summing the moment of these two force components about point O, 


UA )r = Mo;  0=200sin45(0.3)+ 200cos 15%0.3)—300c0s 0(0.3)—300c0s 6(0.3) 
0 =56.1* Ans. 


Note: Since the line of action of the radial component of the forces pass through point O, no 
moment is produced about this point. 


300 Sin 0 


2LO0OSn 
300SiINO 
(2) 


*4-80. Two couples act on the beam. Determine the 
magnitude of F so that the resultant couple moment is 
450 lb - ft, counterclockwise. Where on the beam does the 
resultant couple moment act? 


(+Mz = EM; — 450=200(1.5) + Fcos30"(1.25) 


F= 139 lb Ans 


The resultant couple moment is a free vector. It can act at any point on the beam. 
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+4-81. The cord passing over the two small pegs A and B of 
the square board is subjected to a tension of 100 N. 
Determine the required tension P acting on the cord that 
passes over pegs C and D so that the resultant couple 
produced by the two couples is 15 N- m acting clockwise. 
Take 9 = 15”. 


Ena = 100 cos 30” (0.3) + 100 sin 30” (0.3) - P sin 15” (0.3) - P cos 15” (0.3) = 45 


P 2 70.7N Ans 


4-82. The cord passing over the two small pegs A and B of 
the board is subjected to a tension of 100 N. Determine the 
minimum tension P and the orientation 0 of the cord 
passing over pegs C and D, so that the resultant couple 
moment produced by the two cords is 20 N - m, clockwise. 


For minimum P require 9 = 45% Ans 


Ebert = 100cos 30*(03) + 100sin 30* (03) - (23) 220 


P=49.5N Ans 


4-83. A device called a rolamite is used in various ways to 
replace slipping motion with rolling motion. If the belt, 
which wraps between the rollers, is subjected to a tension of 
15 N, determine the reactive forces N of the top and bottom 
plates on the rollers so that the resultant couple acting on 
the rollers is equal to zero. 


[+= =0;  15(S0+SOsin 30*) - N(SOcos 30*) =0 


N =26.0N 
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*4-84. Two couples act on the beam as shown. Determine 
the magnitude of F so that the resultant couple moment is 
300 lb - ft counterclockwise. Where on the beam does the 
resultant couple act? 


4 
| +HMor = 4) + 3Fu5s - 200(1.5) = 300 


F = 167 lb Ans 


/ 


Resultant couple can act anywhere, Ans 


4-85. Determine the resultant couple moment acting on 
the beam. Solve the problem two ways: (a) sum moments 
about point O; and (b) sum moments about point A. 


Ma =8 cos 45(1.8)+8 sin 450.3)+2 cos 301.8) 


—2 sin 307(0,3)-2 cos 30(3.3)- 8 cos45(3.3) 


Ma =-9.69 kN - m=9,69kN- m 2 Ans 


Mz = 85in45"(0.3)- 8c0545"(1.5) 


-2c0930(1.5)-2sin30(0.3) 


=-9.69 KN. m=9.69kN- m ) 
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4-86. Two couples act on the cantilever beam. If 
F = 6 kN, determine the resultant couple moment. 


a) By resolving the 6 - kN and 5 - kN couples into their xand y 
components, Fig. a, the couple moments (M¿ ) and (M¿ )» 
produced by the 6- kN and 5 - kN couples, respectively, are 
given by 


GUA = 6sin30"(3)— 6008 30%0.5+ 0.5)= 3.804 kN -m 
(MO = (Jos. 0.5)- d Jo- —9KN -m 


Thus, the resultant couple moment can be determined from 
(Mor = (Mo) +(Mo) 
= 3.804 -9=-5.196kN -m=5.20kN -m (clockwise) 


By resolving the 6 - kN and 5 - kN couples into their xand y components, 


Fig. a, and summing the moments of these force components about point A, 
we can write 


(Mor =EMa; (Mor = $2 )05+ di)o- 6005 30(0.5)—6sin30% 3) 


+6sin30%(6)- 6008 30%0.5)+ (2)o9- 5 lo 
=-—5.196kN -m=5.20 kN -m (clockwise) 
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4-87. Determine the required magnitude of force FE, if the 
resultant couple moment on the beam is to be zero. 


By resolving F and the 5 - kN couple into their xand y components, Fig. a, the couple moments 
(M4 ) and (M4 ), produced by F and the 5 - kN couple, respectively, are given by 


(mt e) = Fsin30(3)- Focos 301) = 0.6340F 
¡CUATE $ )o- (4) =-9kN -m 


The resultant couple moment acting on the beam is required to be zero. Thus, 
(Mor = (MM + (M6) 

0 = 0.6340F — 9 

F= 14.2kN -m Ans. 
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*4-88. Two couples act on the frame. If the resultant 
couple moment is to be zero, determine the distance d 
between the 40-1b couple forces. 


14 +Mc =0= 40cos30*(4)-60(< a) 


d= 5.34 ft Ans 


.4-89. Two couples act on the frame. If d = 4 ft, determine 
the resultant couple moment. Compute the result by resolving 
each force into x and y components and (a) finding the 
moment of each couple (Eq. 4-13) and (b) summing the 
moments of all the force components about point A. 


(a) 


£ + Me = 400030 (4) -60(5 (6) =-53.41b- R=534b-R ) Am 


(b) 


(Me = 4000830 (2) + 4ocos30r(6)+60(5)6r+00(3)m-e(3)m-so(3)m 


=-53.4b- ftu 53,4 h- e) Ans 


4-90. Two couples act on the frame. If d = 4 ft, determine 
the resultant couple moment. Compute the result by 
resolving each force into x and y components and (a) finding 
the moment of each couple (Eq. 4-13) and (b) summing the 
moments of all the force components about point B. 


(a) 


£ + Me = 4000130 (4)-60(7 (6) =-53.41D- fi=m 53.4 1b- 2) Ans 


) 
(+ 4001305) 40cos30*(1)+0(5)09-0o(5)wm 


=-534D- A=534b- 8 J Ame 
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4-91. If M,= 500 N-m, M, = 600 N-m, and M3 = 450 N-m, 
determine the magnitude and coordinate direction angles 
of the resultant couple moment. 


Since the couple moment is a free vector, it can act at any point without altering its effect. Thus, 
the couple moments M;, M), and M3 acting on the gear deducer can be simplified, as shown in 
Fig. a. Expressing each couple moment in Cartesian vector form, 

M; = [5005] N -m 

M) = 600(— cos 30% — sin30”k)=(-519.62i-— 300k) N -m 

M3 =[-450k] N -m 


The resultant couple moment is given by 

(M.)Jr = EM; Mor =M; +M2+M3 
= 500j + (-519.62i - 300k) + (-450k) 
=[-519.62i+ 500j- 750k]N - m 


The magnitude of (M. )r is 


(Mor = UTA RdA UM dy? + UM RI? 
= disi9.s2 Y? + 500? + (750)? 


= 1040.43N -m=1.04kN -m 


The coordinate angles of (Mc )r are 


me) 


are JE ) 


(Mc)IR 
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*4-92, Determine the required magnitude of couple 
moments M;, M,, and M; so that the resultant couple 
moment is Mz = (-300i + 4505 — 600k) N - m. 


Since the couple moment is a free vector, it can act at any point without altering its effect. Thus, 
the couple moments M;, M), and M3 acting on the gear deducer can be simplified, as shown in 
Fig. a. Expressing each couple moment in Cartesian vector form, 

M; = Mjj 

M> = MA —00s30%i-— sin30”k) = -0.8660M 21 as 0.5M,k 

M3 = -Mzk 


The resultant couple moment is given by 
(M.)r = EM; Mo) =M; +M>+M3 
(3001 + 4505 - 600k) = M,j+(-0.8660M 2i -0.5M2k) + (- M3k) 
— 300i + 450j-—600k = -0.8660M 2i+ M¡j-(0.5M7 + M3 )k 


Equating the i, j, and k components yields 

-300 =-0.8660M)  M2=346.41N -m= 346N -m 
Mi, = 450N -m 

600 = -0.5(346.41)+ M3 M3=27N-m 
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4-93. If F=80N, determine the magnitude and 
coordinate direction angles of the couple moment. The pipe 
assembly lies in the x-y plane. 


It is easiest to find the couple moment of F by taking the moment of F or — F about point 
Aor B, respectively, Fig. a. Here the position vectors ryg and rg4 must be determined first. 


Tag =(03- 0.2)i+(0.8— 0.3)j+(0- 0)k = [0.1i + 0.5j]m 
rga =(02-0.3)i+(0.3-0.8)j+(0- 0)k = [-0.1i—0.5j]m 


The force vectors F and —F can be written as 
F =(80k)N and —F =[(30k] N 


Thus, the couple moment of F can be determined from 
ij k 


M.¿ =r4gxF =P.1 05 0|=[40i-8j]N -m 
0 0 80 


or 
ij k 

Mo =rp4x -F =)p0.1 -0.5 0 |=[40i- 8j]N -m 
ó 0 - 


The magnitude of M, is given by 


YA = Ju 2+m?+ M2 = [a0? +8) +07 = 40.79N -m=40.8N -m 
The coordinate angles of M, are 


-[ Mz 40 S 
O = c0s (5) 25)=113 


A (0.2, 93, 0)m 


-B(0.3, 08,0) mm 


(a) 
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4-94. If the magnitude of the couple moment acting on 
the pipe assembly is 50 N - m, determine the magnitude of 
the couple forces applied to each wrench. The pipe 
assembly lies in the x-y plane. 


It is easiest to find the couple moment of F by taking the moment of either F or —F about point 
Aor B, respectively, Fig. a. Here the position vectors rpg and r g¿ must be determined first. 
Tag = (0.3-0.2)i+ (0.8 — 0.3)j+(0-—0)k =[0.1i+0.5j] m 

ra = (0.2— 0.3)i+(0.3- 0.8)j+(0 -—0)k = [0.1i— 0.5j]m 


The force vectors F and —F can be written as 
F =(Fk)N and —F =[EFk]N 


Thus, the couple moment of F can be determined from 
ij k 

M. =rag XF=[0.1 0.5 0|=0.5Fi—0.1Fj 
0 0 F 


The magnitude of M, is given by 


M.= Ju? +M,?+ M,? = o.sr)? +(0.1F)? +0? = 0.5099F 


Since M, is required to equal 50 N -m, 
50 =0.5099F 
F=98.1N 
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4-95. From load calculations it is determined that the 
wing is subjected to couple moments M, = 17 kip «ft and 
M, = 25 kip* ft. Determine the resultant couple moments 
created about the x' and y' axes. The axes all lie in the same 
horizontal plane. 


(Ma), =EM,-;  (Mp),. = l7c0s 25” - 25sin 25* 
= 4.84 kip- ft 


(Ma), =EM,-; — (Mp), =17sin 25*+25c08 25 
= 29.8 kip- ft 


MEP Lo 


e 


*4-96. Express the moment of the couple acting on the 
frame in Cartesian vector form. The forces are applied 
perpendicular to the frame. What is the magnitude of the 
couple moment? Take F = 50 N. 


Mc = S0(1.5) =75N- m Ans 
Mc = - 75 (c0s 30” l + cos 60” k) 


= (-65.01 - 37.5k)N- m Ans 
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+4-97, In order to turn over the frame, a couple moment is 
applied as shown. If the component of this couple moment 
along the x axis is M, = (—20i) N-«m, determine the 
magnitude F of the couple forces. 


20 = F (1.5) cos 30? 


F = 154N Ans 


4-98. Determine the resultant couple moment of the two 
couples that act on the pipe assembly. The distance from A to 
Bis d = 400 mm. Express the result as a Cartesian vector. 


Vector Analysis 
Position Vector : 


Tae = ((0.35-0.35)i +(-0.4cos 30” -0)j+(0.4sin 30 —0)k) m 
= (0,3464j+0.20k) m 


Couple Moments : With F, = (35k) N and F, = (-50i) N, applying 
Eq.4-15, we have Resultant Couple Moment : 


(Mo), =Fyp <F, M, =EM; Mp =(M£), +(M¿), 


i j k = (-12.1i-10.0)-17.3k) N-m 
0.3464 vay = (-12.121) N-m 


35 


Scalar Analysis : Summing moments about x, y and z axes, we have 


(Mo), = Tas <F 
i k (Mx), = EM,; (Mx), = -35(0.4cos 30?) = 12.12 N-m 


=l0  -0.3464 02] = (-10.0)-17.32k) N-m (Ma), =EM,; — (Ma), =-SO(O.4sin 30?) =—10.0. N-m 
-50 0 0 (Mp), =EM,; — (Mp), = -50(0.4cos 30?) =-17.32N-m 


Express M) as a Cartesian vector, we have 


My = (-12.14-10.0)-17.3k) N-m 
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4-99. Determine the distance d between A and B so that the 
resultant couple moment has a magnitude of Mz = 20N «m. 


Position Vector : 


ras = [(0.35- 0.35) i + (-dcos 30? — 0) j + (dsin 30” —0)k) m 
= (-0.8660d j+0.50d k) m 


Couple Moments : With F, = (35k) N and F, = (-501) N, applying Eq.4- 15, 
we have 


(Mo), = taa XF, 
¡ j k 
=|0 -0.8660d 0.50d| = (-30.31d i) N-m 
0 0 35 


(Mc), = ra E 
i j k 
=|0 —0.8660d  0.50d| =(-25.04 j-43.30d k) N-m 
-50 0 0 
Resultant Couple Moment : 


M¿ =2M; Mz =(Mc), +(Mc), 
= (-30.31d ¡-25.0d j-43.30d k) N-m 


The magnivude of Mz is 20 N - m thus 


20 = /(-30.31d)? + (-25.0d)? +(43.30d)* 


d=0.3421 m= 342 mm 
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*4-100. 1f£ M, = 180 lb-ft, M, = 90 lb-ft, and M3 = 120 lb-ft, 
determine the magnitude and coordinate direction angles 
of the resultant couple moment. a 
Since the couple moment is a free vector, it can act at any point without altering its effect. Thus, 

the couple moments M), M», M3, and M4 acting on the gear deducer can be simplified, as shown 

in Fig. a. Expressing each couple moment in Cartesian vector form, 

M; = [180j]1b -£t 

M) = [90] lb -ft 


(2-0)i+(2- 0)j+(1+0)k 


(2-0 +2-0*+1-0y 


Ma = 15000545" sin45%i — cos 4500s 45”j—sin 45”k ] =[75i —75j-— 106.07k Pb-ft 


= Mzu=12 =[80i-80j+ 40k]Ib-R 


The resultant couple moment is given by 

(Mr = EM; M¿)r =M; +M2 +M3 +Mg 
= 180j- 901 + (80i —80j+40k ) + (75i —75j- 106.07k) 
=[65i+25j- 66.07k]lb-ft 


The magnitude of (M, )r is 


Mr = [MORE + MOR y (MIRE 
= lí6s? +25? +(66.07* 


= 95.99 Ib-ft =96.0 Ib-ft 


The coordinate 2 of (M¿) are 


a= 00" 0 )- 04 
(car MOR )- 95.99 


Bco MOR E 2 
TAR 
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«4-101. Determine the magnitudes of couple moments 


M;, M,, and My so that the resultant couple moment is zero. ria 
-ft 


Since the couple moment is a free vector, it can act at any point without altering its effect. Thus, 
the couple moments M;, M», M3, and Ma acting on the gear deducer can be simplified, as shown 
in Fig. a. Expressing each couple moment in Cartesian vector form, 

M; =Mjj 

M) =-Mai 


My = Man = Ma | LOCO =Mai-<Maj+Z Mak 


de-o+2-02+a-0? | 3 


Ma = 150[c0545* sin45*i —0os 45”c0s 45”j-—sin 45"k ]=[75i—75j- 106.07k] lb-f 


The resultant couple moment is required to be zero. Thus, 
(Mor = EM; 0= M¡+M) +M3 +Ma 


0= Mimo (Za A Maj+= Mak Jos- 75j- 106.07k) 


o-( us +2M3 +75 )+(m4 M5 15)1+(2m sl 19607 


Equating the i, j, and k components, 


0=-M2 +2M5 +75 


0=M; Em, -75 
0= 3M3 - 106.07 (€) 
Solving Eqs. (1), (2), and (3) yields 


M3 =3181b-1t 
My = M) = 287 1b-ft 
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4-102. If F,= 1001lb and F, = 200 lb, determine the 
magnitude and coordinate direction angles of the resultant 
couple moment. 


Couple Moment: The position vectors n, r», and r3, Fig. a, must be determined first. 
n =[-2kjft r =[2k]ft 1 =[2k]ft 


The force vectors F; , Fz, and F3 are given by 
F; = [1005] Ib F» = [200i] lb 


(0-3)i+(4-0)j+(2- 2k 


ko-3?+(4-0*+0-2? 


F, =Bu= = [-150i+200j]1b 


Thus, 

M, =n xF, =(-2k)x(100j)= [200i]1b-1 

M) = m xF, = (2k)x(200i)= [4005] 1b-f 

M3 = m3 xF3 = (2k) x (-150i+ 200) = [-400i— 3005] lb-ft 


Resultant Moment: The resultant couple moment is given by 
(M.)a = Mo; (M.)r =M; +M2 +M3 
= (2001) + (4005) + (4001-3005) 
= [-200i + 1005] 1b-ft 


The magnitude of the couple moment is 


(Moe = ho. RL UM y + MR le 
> di2ooy +(100)? +(0)? 


= 223.61 N -m=224N -m 
The coordinate angles of (Mc)p are 
ao (Moe ke )-oo -200 )> 1532 
(Mr 223.61 


B=0os7 (MOR ly = 2) e. 
(Mor 223.61 j 


y cor tol: col 0 )=00 
(Mor 223.61 
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4-103. Determine the magnitude of couple forces F; and 
F) so that the resultant couple moment acting on the block 
1s Zero. 


Couple Moment: The position vectors rj,r>, and r3, Fig. a, must be determined first. 
n = P2k]ft r = Pk ]ft r3 = (2k]ft 


The force vectors F¡ , Fz, and Fx are given by 
F¡ = Aj F) = Pai 


(0-3)i+(4-0)j+(2- 2)k 


ko- 9 +(4- 02 +(2-2)? 


Fa = Fzu= = [-150i+200j] lb 


Thus, 

My; =r¡xF; = (2k)x(F,] = 2Ri 

M) = 1 xF) =(2k)x (Pai) = 2h j 

M3 = m3 xF3 =(2k) x (-150i+ 2005)= [-400i— 3005] 1b-ft 


Resultant Moment: Since the resultant couple moment is required to be equal to zero, 
(Mor = EM; 0= M¡ +M) +M3 

0= 2 )+ (2 P,j)+(400i- 300) 

0 = (2h - 400)i + (2F> — 300)j 


Equating the i, j, and k components yields 
0=2K - 400 R = 200 lb 
0 = 2F, —- 300 F, =150 lb 
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*4-104. Replace the force system acting on the truss by a 
resultant force and couple moment at point C. 


Equivalent Resultant Force: The 500- Ib force is resolved into its x and y components, 
Fig. a. Summing these force components algebraically along the xand yaxes, 


4 
BEE: =YF:  (Frx =so( $) aoo1o > 


+ V(Fg )y = EF y;  (Fr)y =-200-150- 100-500) -7501b=7501b y 


The magnitude of the resultant force Fr is given by 


Fr = Herz 22 (FR)? = (400? + 750? =8501b 


The angle O of Fr is 


(Fr) 750 


0= cn | = [0] 61.93 =619 


(FR)x 


Equivalent Couple Moment: Summing the moment of the forces and force components, 
Fig. a, algebraically about point C, 


(+m R)Jc=YMcC;  (MR)c = 200(2)- 150(4)- 100(6)— so( +)0- so( Ho 
= 6400 Ib-ft =6.40 kip-ft (clockwise) Ans. 


2001b 15014 /00lb 
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«4-105. Replace the force system acting on the beam by 
an equivalent force and couple moment at point A. 


Fr, = 1.Ssin 30-255) 


=-1.25 kN = 1.25kN - 


3 
E, =—1.5c0s 30*-2.5(¿)-3 
=-5.199 KN = 5.799 kN | 


Fo = EE + ER = 12554 5.79% = 5.93 kN 
0-02) ur Ems y 


(Mm = 2: Ma, =(3)m- 1.Scos 30*(6) -3(8) 
=-4M,.8kN-m=34.8kN-m (Clockwise)  Ans 


4-106. Replace the force system acting on the beam by an 
equivalent force and couple moment at point B. 


P,= L.5sin30*=2.5(7) 
=-1.25kN =1.25kN 


3 
Fi, =-1.5cos s0-25(5)- 
= -5.799 KN = 5.799 kN y 


R= YEAR = (125 +S79% = 5.93 kN 


(Mm, =2Mp: Mp, =1.5c0s 302 +25) 


=11L6kN-m (Counterclockwise) Ans 
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4-107. Replace the two forces by an equivalent resultant 
force and couple moment at point O. Set F = 201b. 


> Fa = LF: Fa = 3(20)-20 sin 30*=61b 


+1 Fa, = EF; Fay =20 cos 30*+3(20)=29.321b 
En = VEZ + EZ = 1/8 +(29.32) = 29.9 lb 


O=un" E - (22). ne L 


L+ Ma, =ZMo; — Ma, =20 sin 30%6 sin 40") +20 cos 30*(3.5+6 cos 40") 


-¿aoxs sin 40%) + 3000.56 cos 40”) 


=2141b- in. »] Ans 
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*4-108. Replace the two forces by an equivalent resultant 
force and couple moment at point O. Set F = 15 lb. 


> ha=lh: Ps = 3(15)-20 sin 30? =21b 


+1 Fay =EF,; Fa, =20c08 30*+3(15)=26.32 lb 


Fa = FL +FR = /PF1632 =26.4 lb 
y En 126.32 
= Za (=== 85. 
Ou! (E sr E 
(+ Ma, = LMo; Mao = 20 sin 30"(6 sin 40”) +20c0s 30"(3.5-+6 cos 40?) 
-¿asx sin 40) + UNO.s+6 cos 40*) 


=205Ib- in Y 
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*4-109. Replace the force system acting on the post by a 
resultant force and couple moment at point A. 


Equivalent Resultant Force: Forces F; and F) are resolved into their xand y components, 
Fig. a. Summing these force components algebraically along the xand yaxes, 


HER =YF xp; (Fr): = 2sq +)- 500c0s 30 — 300=-533.01 N =533.01 N 


+ (Fr )y= EF) (FR), = s00sin3o*-250| +) - 100N T 


The magnitude of the resultant force Fr is given by 


Fh = 175 A + (FR)y? = 533.012 + 100? = 542.31 N =542N 


The angle O of Fp is 


F 
O= ma = a =10.63 =10.6% 
(Fr) 533.01 


Equivalent Resultant Couple Moment: Applying the principle of moments, Figs. a, and summing 
the moments of the force components algebraically about point A, 


¡CU =EMa; (Mpda= 500c0s30%2) -S00sin30*(02)-250| + Jo.s- as < Los 3001) 


= 441.02N -m=441 N -«m (counterclockwise) Ans, 
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4-110. Replace the force and couple moment system 30 kN 
acting on the overhang beam by a resultant force and 30" 
couple moment at point A. 


Equivalent Resultant Force: Forces F; and F» are resolved into their xand ycomponents, 
Fig. a. Summing these force components algebraicall y along the xand yaxes, 


HER: = MF: (Fr): = 24 5)-20snaor =-SkN =5kN 


12 


+ (Fr )y =EF 5 (Fr), =- 3 


) 3000530? =-49.98kN = 49.98kN y 


The magnitude of the resultant force Fp is given by 


Fr = 17 HER)? = 3? + 49.98? = 50.23kN = 50.2kN 


The angle 0 of Fr is 


9= cn] 2] 122]. 8429 =843> 37 
(Fr dx 5 


Equivalent Resultant Conple Moment: Applying the principle of moments, Figs. a and b, and summing 
the moments of the force components algebraically about pointA, 


(Mg) =2Ma; (Mr)a = 30sin30(0.3)—30cos 302) — 23 J03-2 Zlo-ss 


= -239.46kN -m= 239kN -m (clockwise) 
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4-111. Replace the force system by a resultant force and 
couple moment at point O. 


Equivalent Resultant Force: Forces F; and F» are resolved into their xand y components, 
Fig. a. Summing these force components algebraically along the xand yaxes, 


DE(FR)x = YF y;  (Fr)x = 200-— 200+ so( 2)= 2008 > 
+ TFR) =ER5  (Fr)y = 1504500 +) -35on =350N | 
The magnitude of the resultant force Fp is 


Fr = [er)? +(Fg)y? = (3007 + 3507 =461.0N =461N 


The angle 0 of Fr is 


(FR) 350 
> -1 y + 198 1 o 
9 = tan ES tan E 49.4 


Equivalent Resultant Couple Moment: Applying the principle of moments, Figs. a and b, and summing 
the moments of the force components algebraically about point O, 


Gs = Ma; MUrdo = -75001.25)-20000) +50 Joso) - sao 
= 438 N -m= 438 N -m (clockwise) 


(M)y +4]. 50 


360% 
fñL=300n 
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*4-112. Replace the two forces acting on the grinder by a 
resultant force and couple moment at point O. Express the F, = (10i — 15] — 40k) N 
results in Cartesian vector form. 


Equivalent Resultant Force: The resultant force F is given by 
Fr = EF; Fp =F, +F» 


=(10i—15j-40k)+(-15i-20j- 30k) 
=([-Si— 35j- 70k]N 


Equivalent Couple Moment: The position vectors p), and rpg are 
A = (0- O)i+(0.25- 0)j+(0.1-0)k = [0.25j+0.1k]m 
Tog = (0.15- 0% +(0.25— 0)j+(0.04 —0)k = [0.15i + 0.025j+0.04k] m 


Thus, the resultant couple moment about point O is given by 
(Mpdo = “Mo; — Mr)o="r0A XF; +rog XF> 
ij k i j k 
=j0 0.25 0.1/+f0.15 0.025 0.04! 
10 -15 -15 20 -30 
= [8.451 + 4.90] - 5.125k]N -m 
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«4-113. Replace the two forces acting on the post by a 
resultant force and couple moment at point O. Express the 
results in Cartesian vector form. 


Equivalent Resultant Force: The forces Fg and Fp, Fig. a, expressed in Cartesian vector 
form can be written as 


Eo =P -3 (0-O)i+(6-—0)j+(0-8 |- Dj AKI 


(0-0)? +(6- 0)? +(0- 8)? 
A area -(1-J-AJRN 


(2-0? +(3-0)? +(0- 6)? 


The resultant force Fp is given by 

Fr = EF; Fr =Fg +Fp 
=(3j- 4k)+(2i-3j-6k) 
=[2i -— 10k]kN 


Equivalent Resultant Force: The position vectors rpg and roc are 
To = (6), m oc = [6k] m 


Thus, the resultant couple moment about point O is given by 


(Mo = Mo; Mr)o =T08 XFg + roc XFp 
ij ki fio j 
=/0 6 0|+ 0 

3 3 - 
= [Si + 12j]kN -m Ans. 


k 
6 


10750d = 35003) — 5500(17)-1750(25) 


d=137 ft Ans. 
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4-114. The three forces act on the pipe assembly. If 
F, = 50N and F) = 80 N, replace this force system by an 
equivalent resultant force and couple moment acting at O. 
Express the results in Cartesian vector form. 


E, = XF, = (-180k + 50k — 80k) N = (-210k) N 
Mo = Ur x F) 
io 3j  k to Jj k 1.3 k 
= |1.25 0 o | + [ras os 0 +2 0s 0] 
0 0-1 0 0 -80 0.0 
= (225)) + (-401 + 1005) + (251 — 1003) 


= (-151 + 2253) N-m 


4-115. Handle forces F; and F, are applied to the electric F, = (2j — 4k) N 

drill. Replace this force system by an equivalent resultant 

force and couple moment acting at point O. Express the Zz 

results in Cartesian vector form. F, = (6i 14 3j — 10k) N 


Eh =1F; Fi = 6i-3j- 10k + 2j-4k 


= (61-1j-14k)N  Ans 


Mao = EMo , 


103 k[ Jo Jo k 
Mzo = bss 0 03 . -0.25 03 
6 -3 -1 2 - 


= 0.91 + 3.30] - 0.450k + 0.41 
= (1.301 + 3.30] - 0.450k)N-m  Ans 
Note that Fz, = — 14 N pushes the drill bit down into the stock. 
(Meo)» = L3ON: m and (Mao), = 3.30N- m cause the drill bit to. bend. 
(Mao). = -0.450N- m causes the drill case and the spinning drill bit 10 rotate about 


the z- axis. 
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*4-116. Replace the force system acting on the pipe 
assembly by a resultant force and couple moment at point O. F, = (-10i + 25 + 20k) lb 
Express the results in Cartesian vector form. 


Equivalent Resultant Force: The resultant force Fg can be determined from 
Fr = EF; Fr =F +E) 
= (-20i — 10j+ 25k)+(-10i+25j+20k) 
= [-30i+ 15j+45k] lb Ans. 


Equivalent Resultant Couple Moment: The position vectors rg, and rpg , Figws, are 
ro4 =(1.5- 0 +(2-— 0)j+(0-— 0)k = [1.5i + 2] ft 
ro =(1.5- 0i+(4-—0)j+(2—0)k = [1.5i+4j+2k]ft 


Thus, the resultant couple moment about point O is 
Mw =*Mo; (Mp)o = Toa X E + Frog x FE, 


i k io j k 


j 
=|15 2  0pH+f15 4 2 
20 -—10 10 25 
= [80i —87.5j+ 102.5k] lb -ft 
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«4-117. The slab is to be hoisted using the three slings 
shown. Replace the system of forces acting on slings by an 
equivalent force and couple moment at point O. The force 
F, is vertical. 


Force Vectors : 
F, = (6.00k) kN 


F, = 5(—os 45*sin 30% +cos 45%cos 30?) + sin 45"k) 
= (-1.7681 + 3.062] +3.536k) kN 


F, = 4(c00s 60% +cos 60”j+cos 45"k) 
= (2.001 + 2.00j+2.828k) kN 


Equivalent Force and Couple Moment At Point O : 
FE=ZIF; Fp=F,+E+F 
= (-1.768 + 2.00) i + (3.062 + 2.00) 
+ (6.00 + 3.536 + 2.828) k 
= (0.232i + 5.06] + 12.4k) kN Ans 
The position vectors are r, = (2i+6j) m and r, = (41) m. 
Mx =*Mo; Mz =11 Xx F,+r x E 


ii j k i j k 
2 6 o! +1 4 0 o] 
0 0. 6 -1.768 3.062 3,5 


= (36,0i -26.1j+ 12.2k) kN - m Ans 


4-118. The weights of the various components of the truck 
are shown. Replace this system of forces by an equivalent 
resultant force and specify its location measured from B. 


+TFE,=ER; Fi =-1750-5500-3500 
= -10750 lb = 10.75 kip y 


Gr, =EMa; 107504 =-3500 3) 5500(17)-1750(25) 


d=13.7 ft Ans. 
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4-119. The weights of the various components of the 
truck are shown. Replace this system of forces by an 
equivalent resultant force and specify its location 
measured from point A. 


Equivalent Force : 


+TR = EE; Fi =-1750- 5500-3500 
= 10750 lb = 10.75 kip y Ans 


Location of Resultant Force From Point A : 


(+ My, = EM,; — 10750(d) = 3500(20) + 5500(6) - 1750(2) 


d=9.26 ft Ans 


*4-120. The system of parallel forces acts on the top of the 
Warren truss. Determine the equivalent resultant force of the 
system and specify its location measured from point A. 


+) Fa = EF; Fp = 500 + 1000 + 500 + 2000 + 500 


Fa = 4500N =4.5S0kN Ans 


Via = LM, ; 4500(d) = 1000(1) + 500(2) + 2000(3) + 500(4) MA VAVAV, | 


Y 
d=222m Ans 
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«4-121. The system of four forces acts on the roof truss. 200 lb 
Determine the equivalent resultant force and specify its 3q? 
location along AB, measured from point A. 275 lb 4 $ 

300 lb 4 uT 


1501b 41” 


aa 


Po Ens = EF; Fa = 200 sin 30” = 100 lb 


Nota, = EF, ; Fay = 150 + 300 + 275 + 200cos 30” = 898.2 1b 


Fa = /(100% + (898.2 = 904Ib  Ans 


pop | 25, 


Ú+Mex = Ma: — 898.2(d) = 4(300) + 8(275) + 12 cos 30* (200) 


d=6.10f Ans 
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4-122. Replace the force and couple system acting on the 
frame by an equivalent resultant force and specify where 
the resultant's line of action intersects member AB, 


measured from A. 


500 Ib : ft 


> Fasa EF; Fasa 150 (5) + SO sin 30” = 145 1b 


+TFr, = EF; Fr, = S0cos 30" + 150 (5) = 133.31b 


Fa 2 /(145% + (133.32 = 197 1b Ans 


8 = un” (E) cr Lá 


145 
(Mas = EM;  145(d) = 150 (2) (2) - 50 cos 30* (3) + 50 sin 30* (6) + 500 


d =524ft Ans 
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4-123. Replace the force and couple system acting on the 
frame by an equivalent resultant force and specify where 
the resultant's line of action intersects member BC, 
measured from B. 


500 Ib : ft 


y 1333 Ib 


Fa > LF: fas = 150 (<) + $0 sin 30” = 145 lb 


+TFry = EF; Fay = 50cos 30 + 150 (5) = 133.3 1b 


Fa =/(145% + (133.32 = 197 1b Ans 


0 = tan”! (ES = 42.6 L Ans 


(okas = Ema; 145(6) - 133.3(8) = 150 (3) (2) - 50cos30* (3) + SOsin 30*(6) + 500 


d=0.824ft  Ans 
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*4-124. Replace the force and couple moment system 
acting on the overhang beam by a resultant force, and 
specify its location along AB measured from point A. 


Equivalent Resultant Force: Forces F; and F) are resolved into their and ycomponents, 
Fig. a. Summing these force components algebraically along the xand yaxes, 


LEER = EF (FR) = 243) -s0sinaor =-SKkN=5kKN e 


+ VER y => 25; (Fr y . 242) 3000530? = -49.98kN = 49.98 kN y 


The magnitude of the resultant force Fp is given by 


Fa = 073 HER) = ÁS? + 49.98” = 50.23kN = 502KkN Ans. 


The angle 0 of Fp is 


F 
0= nl e 5 m2). 84.29 = 84.3 
Rx 


Location of Resultant Force: Applying the principle of moments, Figs. a and b, and summing 
the moments of the force components algebraically about pointA, 


(«Ur da = EM 4;-49.98(d) = 30sin30% 0.3) — 30008302) -— 2 ¿Jo»- 2d 2jo- 45 
Ans. 


d=479m 


285 


4 Solutions 44918 1/23/09 12:04 PM Page 286 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


.4-125. Replace the force system acting on the frame by 
an equivalent resultant force and specify where the 
resultant's line of action intersects member AB, measured 
from point A. 


Fa 2 1F.5 Fi = 35sin30” + 25 = 42.5 1b 


+LFn, = EF: Fa, = 35c0s 30? + 20 = 50.31 Ib 


Fr = y/(42.5? + (50.31Y = 65.9 lb Ans 
3 ) = 49.8" <= Ans 


C+Mer = EMa: 50.31 (d) = 35cos 30” (2) + 20(6) - 25(3) 


d=2.J10ft  Ans 
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4-126. Replace the force system acting on the frame by 
an equivalent resultant force and specify where the 
resultant's line of action intersects member BC, measured 


from point B. 


DF = ER; Fa = 35sin3d0? + 25 = 42.51b 


+lFn = EF; Fr, = 35c05 40" + 20 = 50.31 lb 


Fa = (62.57 + (SO.31P =65.9lb  Ans 


AE 


CoMas = Ma:  50.31(6) - 42.5(d) = 35.08 90* (2) + 206) - 25(3) 


d=462f  Ans 


Pe, =50:311b 


425 Ib 
/ 
| 


Fa 
Fry" 50311b 
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4-127. Replace the force system acting on the post by a 
resultant force, and specify where its line of action 
intersects the post AB measured from point A. 


Equivalent Resultant Force: Forces F; and F» are resolved into their xand ycomponents, 
Fig. a. Summing these force components algebraically along the xand yaxes, 


DE(FR)x =YFo; (Fr) = 29 +)- 50000830? — 300 =-533.01 N =533.01N — 


+ VER )y=ER 5 (Fr)y= stsinaor -250| 3) - 100N Y 


The magnitude of the resultant force Fz is given by 


Fr li) + ER » = 532.01? +100? = 54231 N =542N 


The angle 0 of Fp is 


F, 


Location of the Resultant Force: Applying the principle of moments, Figs. a and b, and summing 
the moments of the force components algebraically about pointA, 


(«ou Rda =EMa;  533.0X(d) = 500c0830%2)- so0sin0r02)-250| $0.) - 25H). 3001) 
d =0.8274m: =827 mm Ans. 
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*4-128. Replace the force system acting on the post by a 
resultant force, and specify where its line of action 
intersects the post AB measured from point B. 


Equivalent Resultant Force: Forces F; and F> are resolved into their rand y components 
Fig. a. Summing these force components algebraically along the xand yaxes, 


AS, A A 25 +)- 50000830" — 300=-533.01 N =533.01N 


+ TER )y= ER; (Fg)y = A 1 


The magnitude of the resultant force Fr is given by 


Fr = dr A +H(FR)y? = (533.012 +100? = 54231 N =542N 


The angle 6 of Fp is 


LS) -1J 100 
IU! aL 2/7 POS | ALL e106> 
9=tan [EEx tan Ex 10.63 =10.6 


Location of the Resultant Force: Applying the principle of moments, Figs. a and b, and summing 
the moments of the force components algebraically about pointA, 


Eu» =EMp;  -533.01(d) =-50000s30(1)- s00sin30*02)-250 305) - 3002) 
d=2.17m Ans. 


«4-129. The building slab is subjected to four parallel 
column loadings. Determine the equivalent resultant force 
and specify its location (x, y) on the slab. Take F, = 30 kN, 
F, = 40kN. 


+TR=ER; Fi=-10-50-30-40=-140kN =140kNJ  Ans 
(Mz), =EM.;  —140y=-50(3)- 30(11)—40(13) 

y=7.14m 

140x = 50(4) +20(10)-+40(10) 


x=5.711m 
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4-130. The building slab is subjected to four parallel 
column loadings. Determine the equivalent resultant force 
and specify its location (x, y) on the slab. Take F, = 20 kN, 
F, = 5S0kN. 


+= ER; Fa = 20 + 50 + 20 + 50 = 140 kN 


Ma y = 1My5 — 140(x) = (50)(4) + 20(10) + 5O(10) 
x= 643 m 
-140()) = —(50X(3) - 20011) — 50(13) 


y = 7.29 m 


4-131. The tube supports the four parallel forces. 
Determine the magnitudes of forces F¿ and F) acting at C 
and D so that the equivalent resultant force of the force 
system acts through the midpoint O of the tube. 


Since the resultant force passes through point O, the resultant moment components 
about x and y axes are both zero. 


IM, =0;  Fp(0.4) +600(0.4) — Fc(0.4) - 500(0.4) =0 
Fc- Fp = 100 (D 
500(0.2) + 600(0.2) - F£(0.2) - Fp(0.2) = 0 
Fc + Fp = 1100 (2) 


Solving Eqs.(1) and (2) yields : 


Fc = 600 N Fp = 500 N 
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*4-132. Three parallel bolting forces act on the circular 
plate. Determine the resultant force, and specify its 
location (x, z) on the plate. F1 = 200 lb, Fg = 100 lb, and 
F¿ = 400 lb. 


Equivalent Force : 


E =XER;  -F,=-400-200- 100 
F, =700 lb 


Location of Resultant Force : 


Ma, = EM,;  700(2) = 400(1.5) - 200(1.Ssin 45") 
— 100(1.Ssin 30%) 


2=0.447 fi Ans 
-700(x) = 200(1.5cos 45?) — 100(1.5cos 30?) 


x=-0.117 ft Ans 
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.4-133. The three parallel bolting forces act on the circular 
plate. If the force at A has a magnitude of F' 1 = 200 lb, 
determine the magnitudes of Fz and F¿ so that the resultant 
force Fz of the system has a line of action that coincides with 
the y axis. Hint: This requires 2M, = Oand 2M, =0. 


Since F coincides with y axis, Mp, =M, =0. 
0 = 200(1.5cos 45%) - Fz (1.5cos 30”) 
F¿ = 163.30 lb = 163 lb 
Using the result F, = 163.30 lb, 


My, =EM,;  0=R¿(1.5)-200(1.Ssin 45%) 
- 163.30(1.5sin 309) 


E =223 lb Ans 


4-134. If F,=40kNandFz = 35kN, determine the 
magnitude of the resultant force and specify the location of 
its point of application (x, y) on the slab. 


Equivalent Resultant Force: By equating the sum of the forces along the zaxis 
to the resultant force Fp,F4 b, 
+1 Fz = EF; —Fp = 30- 20- 90- 35- 40 

Fr = 215 kN 


Point of Application: By equating the moment of the forces and Fr, 

about the x and y axes, 

(Mr): =*Mo;; -21Xy) = 35(0.75)-— 30(0.75)-—90(3.75) —20(6.75)— 406.75) 
y =3.68 m Ans. 


(Mg), = My; 215(x) = 3000.75) + 20(0.75)+90(3.25) + 315.75) +40(5.75) 
x=3.54 m Ans. 
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4-135. If the resultant force is required to act at the center 
of the slab, determine the magnitude of the column loadings 
F, and Fz and the magnitude of the resultant force. 


Equivalent Resultant Force: By equating the sum of the forces along the zaxis 
to the resultant force Ez, 
+ TFR =XF,; Fr = 30- 20- 90- Fa —Fg 

FR = 140+ Fa +Fg (1 


Point of Application: By equating the moment of the forces and Fr, 

about the x and y axes, 

(Mr) =*Moy; —Fr(3.75) = —Fp (0.75) - 30(0.75)—90(3.75) -20(6.75)— Fa (6.75) 
Fx =0.2Fp +1.8F4 + 132 (2) 


(Mp), = My; Fx (3.25) = 30(0.75)+20(0.75)+ 90(3.25)+ Fy (5.75) + Fp(5.75) 
FR = 1.769F, +1.769Fg + 101.54 6) 


Solving Eqs. (1) through (3) yields 
Fa =30kN Fg = 20 kN Fp = 190KN 


*4-136. Replace the parallel force system acting on 
the plate by a resultant force and specify its location on the 
x—z plane. 


Resultant Force: Summing the forces acting on the plate, 


(Fr )y = EF; Fr =-SkN-2kN —3kN 
=-—10KN 


The negative sign indicates that Fp acts along the negative y axis. 


Resultant Moment: Using the right - hand rule, and equating the moment of Fr 

to the sum of the moments of the force system about the xand z axes, 

(Mr); = Mo; (10kNX(2) =(3 kNIX0.5 m) +(5 kKNIX(1.5 m) +2 kN(2.5 m) 
z=1.40m 


(Mp), = *M,; —(10 kND(x) = 45 kN)(0.5 m) -(2 kN(1.5 m) - (3 kN(1.S m) 
x= 1.00m 


293 


4 Solutions 44918 1/23/09 12:04 PM Page 294 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


:4-137. IF, =7kN and Fz = 5kN, represent the force 
system acting on the corbels by a resultant force, and 
specify its location on the x-y plane. 


Equivalent Resultant Force: By equating the sum of the forces in Fig. a along the zaxis 
to the resultant force Fr, Fig. b, 
+ 1 Fe =XF,; Fr = 6-5-7-8 
FR = 26 kN Ans. 


Point of Application: By equating the moment of the forces shown in Fig. a and Fr, Fig. b, 
about the x and y axes, 
(Mr); = MM y; —26(y) = 6(650) + 5(750) — 600) -— 8(700) 

y = 82.7 mm 


(Mp), = My; 26(x) = (100) +7(150)— 5(150)- 8(100) 
x= 3.85 mm 


4 Solutions 44918 1/23/09 12:04 PM Page 295 = 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


4-138. Determine the magnitudes of F1 and Fy so that 
the resultant force passes through point O of the column. 


Equivalent Resultant Force: By equating the sum of the forces in Fig. a along the zaxis 
to the resultant force Fr, Fig. b, 
+ Y Fr =*F,; —Fr = Fa - Fg -8-6 

Fr = Fa + Fg+14 (D 


Point of Application: Since Fr is required to pass through point O, the moment of Fr about 
the x and y axes are equal to zero. Thus, 
(Mr); = Mo; 0= Fg(750)+ (650) — Fa (600) -— £ 700) 

750Fg — 600F4 —- 1700 =0 (2) 


(Mg), = My; 0 = Fa (150)+6(100)— Fi (150)—8(100) 
150F4 — 150Fg + 200=0 


Solving Eqs. (1) through (3) yields 
F4 =18.0kN Fg = 16.7kN 
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4-139. Replace the force and couple moment system 
acting on the rectangular block by a wrench. Specify the 
magnitude of the force and couple moment of the wrench 
and where its line of action intersects the x-y plane. 


Equivalent Resultant Force: The resultant forces F¡, F>, and Fz expressed in Cartesian 600 lb-ft 
vector form can be written as F; = [6005] lb, F2 = [-450i] Ib, and F3 = [300k] lb. The 
force of the wrench can be determined from 
Fr = EF; Fr =F; +F) +F3 
=600j-450i + 300k = [-450i + 600j+300k ] lb 
Thus, the magnitude of the wrench force is given by 


FR = dez e HER)y? + (ER = caso? +600? +300? = 807.77 lb =808 Ib 


Equivalent Couple Moment: Here, we will assume that the axis of the wrench 
passes through point P, Figs. a and b. Since My is collinear with Fr, 


A50i + 600 + 300k 


caso? +600? +300? 


= —0.5571M yi+ 0.7428M y 3+0.3714M yk 


My = Myuf, = My 


The position vectors rp4 , Tpg , and rar are 

rpa = (0- x)i+(4- y)j+(2- 0)k =-x1+(4- y)j+2k 
rpg = (3-x)i+(4- y)j+(0—0)k =(3-x)i+(4- y)j 

rec =(3- 1)i+(4- y)j+(2- 0)k = (3- x)i+(4- y)j+ 2k 


The couple moment M expressed in Cartesian vector form is written as M = [6001] b-ft. 
Summing the moments of F;, F», and Fx3 about point P and including M, 
My = *Mp; My = pa XF¡ +rpc xF2 + rpg xF3 +M 
i j i j k i j k 
-0.5571M,y ¡+0.7428M yj+ 0.3714M yk =|Lx (4-y) Y+[(3-x) (4-y) 2/+[(3-x) (4-y) 0 [+ 600i 
o 600 450 0 0 0 0 3 
-0.5571M y ¡i+0.7428M ,,j+ 0.3714M ,,k = (600 — 300y)i + (300x — 1800)j + (1800— 600x-— 450y)k 


Equating the i, j, and k components, 
0.5571M,, = 600 — 300y 
0.7428M,, = 300x— 1800 
0.3714M ,, = 1800 — 600x- 450y 


Solving Egs. (1), (2), and (3) yields 
x=3.52ft y=0.138ft My =-10031b -f 


The negative sign indicates that My acts in the opposite sense to that of Fr . 
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*4-140. Replace the three forces acting on the plate by a 
wrench. Specify the magnitude of the force and couple 
moment for the wrench and the point P(y, z) where its line 
of action intersects the plate. 

F, = (—60j) lb 


Resultant Force Vector : 


F¿ = (401 - 60j - 80k) Ib 


E, = /((-40)* +(-60)* +(-80)* = 107.70 lb=108 lb Ans 


_ 401 - 605 - 80k . : 
“== — 5 7 Solving Eqs.[1], (2), and (3] yields : 


= -0,3714i-0.5571j-0.7428k 
M, =-624b-ft 2=8.69f y=0.414ft Ans 


Resultant Moment: The line of action of Mz of the wrench is parallel to 
the line of action of F;. Assume that both Mz and Fz have the same 
sense , Therefore, uy, = -0.3714i-0.5571j-0.7428k, 


The negative sign indicates that the line of action for Ma is directed in the 
opposite sense to that of F.. 


(Mp), =EM,-;  —0.3714M, =60(12-2) +80y 0) 


(Ma), = IM);  —0.5571M =402 (2) 


(Mz y a EM.-; —0.7428Mp = 41 12- y) (3 
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.4-141. Replace the three forces acting on the plate by a Z E, = (800Kk] N 
wrench. Specify the magnitude of the force and couple a 
moment for the wrench and the point P(x, y) where its line 
of action intersects the plate. 


F, = (5001) N 


E, = (500i + 300] + 800k) N 
F, = /(300)? + (300) + (800)2 = 990 N 
(0.50S1i + 0.3030) + 0.8081k) 


= Mi Mz, = 800(4-)) 


Ma, = Mp; Mx, = 500y + 300(6-x) 


Since M, also acts in the direction of uz, 
Mz (0.5051) = 800(4—y) 

Mz(0.3030) = 800x 

M5(0.8081) = 500y + 300(6-x) 

Mz = 3.07 kN-m Ans 
“x= 1l6m Ans 


2.06 m 
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4-142. Replace the distributed loading with an equivalent 
resultant force, and specify its location on the beam 
measured from point A. 


Loading: The distributed loading can be divided into four parts as shown in Fig. a. The magnitude and location 
of the resultant force of each part acting on the beam are also indicated in Fig. a. 
Resultants: Equating the sum of the forces along the y axis of Figs. a and b, 


+ l Fp = ER y; Fr =2190)+ 3G)+1063)+ Z(10X3) =75kN y 


If we equate the moments of Fz, Fig. b, to the sum of the moment of the forces in Fig. a about point A, 


[+04 )a = Mas -78%)= (19/GX1)- (31) — 103 X1.5)- <(1OX3XA) 
x =1.20m 
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4-143. Replace the distributed loading with an equivalent 
resultant force, and specify its location on the beam 
measured from point A. 


Loading: The distributed loading can be divided into three parts as shown in Fig. a. 
Resultants: Equating the sum of the forces along the y axis of Figs. a and b, 


+L FR =EFy Fp= O +F(0G)+40) =30kN y 


If we equate the moments of Fp, Fig. b, to the sum of the moment of the forces in Fig. a about point A, 


UE la = Ma; -30í)= O) -O)- 434.5) 
(X=) = 3.4 m 
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*4-144. Replace the distributed loading by an equivalent 800 N/m 
resultant force and specify its location, measured from 


point A. 
200 N/m 


+) Fr = EF; Fr = 1600 +900 + 600 = 3100 N 


Fa=310KNJ — Ans 


Aza = EMas 53100) == 160011) +900(3) + 600(3.5) 


x=206m 


e4-145. Replace the distributed loading with an 
equivalent resultant force, and specify its location on the 
beam measured from point A. 


Loading: The distributed loading can be divided into two parts as shown in Fig. a. The magnitude and location 
of the resultant force of each part acting on the beam are also shown in Fig. a. 
Resultants: Equating the sum of the forces along the y axis of Figs. a and b, 


+ V Fr =YF; FR = 30 5) W Joan 


2 


If we equate the moments of Fz, Fig. b, to the sum of the moment of the forces in Fig. a about point A, 


Coura ore) (218 


E] 


ye 


X= 
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4-146. The distribution of soil loading on the bottom of 
a building slab is shown. Replace this loading by an 
equivalent resultant force and specify its location, measured 
from point O. 


10) 


50 lb /ft 100 1b /£t 


300 Ib /ft 
+4 Fa =EFy; Fn=S0(12) + J(250)(12) A 


+ 4(200)(9) + 100(9) 
= 3900 lb = 3.90 Kip $ 


Á +Mxo = EMo; 3900(4) = SO(I2NO) + J(25O/(12M(8) Pt y SU AN 
U ; 

2 (25012) lb 

+ 12000115) + 100(91(16.5) s (2009) lb 


d=113R 


4-147. Determine the intensities w, and w, of the 
distributed loading acting on the bottom of the slab so that 
this loading has an equivalent resultant force that is equal 
but opposite to the resultant of the distributed loading 
acting on the top of the plate. 


300 lb /ft 


Z(W;-W,)0U0-5) 


ToFa = EF; 0=w (10.5) + 30m — 1) (10.5) = 3 (300) (3) - 300 (6) - 3 (900) (1.5) 


w + w = 471.429 (D 


(aa = EM; 0 = 01 (10.5)(5.29) + 7 09 — mi) (10.5) 7) = 3 (300)(5) 2) 
Solving Eqs. (1) and (2), 


— 300 (6) (6) - 3 (00) (1.5) 9.5) 
Mm o= 190D/£ — Ans 


w +2w = 753.061 (2) wz = 282 Ib/ft Ans 


302 


4 Solutions 44918 1/23/09 12:04 PM Page 303 = 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*4-148. The bricks on top of the beam and the supports 
at the bottom create the distributed loading shown in the 
second figure. Determine the required intensity w and 
dimension d of the right support so that the resultant force 
and couple moment about point A of the system are 
both zero. 


Require Fz =0. 
q(200)(3)=200N 


+TE=ER; O=wd+37.5-300 
wd= 262.5 


Require Mp, =0. 


[+ Ma, =2M45  0=375(025) +wd(3- )-20002 


75(0-5)=27.5N 
3wd- E = 590.625 

A 
+-2 
Solving Eqs.[1] and [2] yields 


d=1.50m w= 175 N/m 
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.4-149. The wind pressure acting on a triangular sign is 
uniform. Replace this loading by an equivalent resultant 
force and couple moment at point O. 


z To1+3C12)]m 


Xx 


A 
02142150 


[+%042)]m 


Fa = ¿1D 12450) 
Fr = (- 1081) N — Ans 
2 1 
A - (01+2 Ñ 
Mo (1¿am) (108) (01+5012)) 103) 


Mpo = (-194j-54k)N-m  Ans 
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4-150. The beam is subjected to the distributed loading. - 
Determine the length b of the uniform load and its position lb /ft 


a on the beam such that the resultant force and couple 
moment acting on the beam are zero. 


Requlre Fr =0. ba 60 Ib /ft 


+1 Fa = EF; 0=180-405 
b= 4.50 ft 
Require Mg, =0. Using the result ¿=4.50 fl, we have 


Á +Ma, =EMas O =180(12) — 404.50) (. Ñ tm) 


a=9.75 ft 


2:60) (6) = 180 1b 


4-151. Currently eighty-five percent of all neck injuries 
are caused by rear-end car collisions. To alleviate this 
problem, an automobile seat restraint has been developed 
that provides additional pressure contact with the cranium. 
During dynamic tests the distribution of load on the 
cranium has been plotted and shown to be parabolic. 
Determine the equivalent resultant force and its location, 
measured from point A. 


w=12(1 + 2x?) lb /ft 


En = [uinas= [2 (1+22) 4 = 0 [+32] =7b Ans 


e 2 
Sxw00 ex _ [PQ +22) as ME +07 


w(x) de 7 1 
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*4-152. Wind has blown sand over a platform such that 

the intensity of the load can be approximated by the 

function w = (0.5x%) N/m. Simplify this distributed loading 

to an equivalent resultant force and specify its magnitude | 

and location measured from A. Ei w= (0.51) N/m 


dA = wdx 


R= Sas = [2d 


-lel 


= 1250 N 


Eh = 1.25 kN 
$ zan = [rta 
1 1] 
- [5] 
= 10000 N-m 


o = 800 m Ans 


+4-153. Wet concrete exerts a pressure distribution along 
the wall of the form. Determine the resultant force of this 
distribution and specify the height h where the bracing strut 
should be placed so that it lies through the line of action of 
the resultant force. The wall has a width of 5 m. 


Equivalent Resultant Force : 
E RS 
k= Se 202) 107) dz 
5=/, (000) 
= 106.67(107) N=107kN 


Location of Equivalent Resultant Force : 


A A 
Sei) 10 ez 


4m z EEN AC) 

Só"[ (2023) (10% ]áz «Ez? 

.=2 =(20zi)00* 
f7 Co) 07d Ne 


= 2.40 m 


h=4-7=4-2,40= 1.60 m 
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4-154. Replace the distributed loading with an equivalent 
resultant force, and specify its location on the beam 
measured from point A. 


Resultant: The magnitude of the differential force dFp is equal to the area of the element shown 
shaded in Fig. a. Thus, 


2 
dFr =wd=34 ay aran 5ja 


Integrating dFp over the entire length of the beam gives the resultant force Fp. 


4m y? > 
+ y Ea =) dry = | q 448 |di= GF 20 +8x 
L 0 


=10.667kN =10.7kN y 


Location. The location of dFp on the beam is x= x, measured from point A. Thus, the location X of 
Fr measured from point A is 
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4-155. Replace the loading by an equivalent resultant 


50 1b/ft 
force and couple moment at point A. 


50 1b/ft 


FA =1501b 


Fi = 56050) = 1501b 


FR = (6)(50) = 300 lb 
Fi = (4) (30) = 200 Ib 


> Faz = EF; Faz = 150sin60* + 300 sin 60” = 389.71 Ib 


(6costo"+2)4t 
+U Fa, = EF); Fa, = 150008 60” + 300 cos 60” + 200 = 425 lb 


Fa = /(389.71? + (425% =577b  Ans 


0 = un” 55) = 41.8% L Ans 


A = EMa; Maa = 150(2) + 300 (3) + 200 (6 cos 60 + 2) 


= 2200 lb- ft=2.20kip- fi J  Ans 
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*4-156. Replace the loading by an equivalent resultant 50 Ib /ft 
force and couple moment acting at point B. 50 Ib /ft | | | | | | | | | | 


3Losto” +4) 


Fi = 5 (6)050) = 1501b 


F, = (6) (50) = 300 lb 
R = (4)(50) = 200 Ib 
Sd Faz = LF; Faz = 150sin60? + 300 sin 60” = 389.71 Ib 
+ b Fay = EF, ; Fay = 150c05 60” + 300 cos 60 + 200 = 425 lb 
han (OST = 517 Anos | ,=389.7/ 1b 
0 = ua” o = 47.5% U Ans O 
389.71 Xx 
(¿Mes = EM; May = 150008 60" (4cos 60” + 4) + 150 sin 60* (4 sin 60%) 
+ 300 cos 60” (3 cos 60” + 4) + 300 sin 60? ( 3 sin 60”) + 200 (2) 


Mas = 2800b- ft =2.80kip- Y Ans 
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:4-157. The lifting force along the wing of a jet aircraft 

consists of a uniform distribution along AB, and a 

semiparabolic distribution along BC with origin at B. 2880 1b /ft 
Replace this loading by a single resultant force and specify 

its location measured from point A. 


w = (2880 — 5x2) lb /ft 


Equivalent Resultant Force : 


+TE=ER:  F=34560+) wdr 
o 


141 
F, = 34560+ S (2880 5x*) de 
0 
= 80640 Ib = 80.6 kip T 
Y 


2880%2,= 34560 lb  dfadA 


Location of Equivalent Resultant Force : 


( My, = Ma; 


806407 = 34560(6) + S' (x + 12) wdx 
0 
y 24n a 
806407 = 207360+ $" (x +12) (2880-Sx*) dx 
0 


> de 3 2 
806405 = 207360+ f"*" (-Sx? - 601” + 2880x + 34560) de 
0 


x=146ft Ans 


4-158. The distributed load acts on the beam as shown. 
Determine the magnitude of the equivalent resultant force 
and specify where it acts, measured from point A. w= (2x2 + 4x +16) lb/ft 


Fa = f wide = f/G22 + 4x + 16) de = 53.333 = 533 Ans 


¡AA far + 4x + 16) de 


T= I_” > __—_—— 1.60 fi A 
we de 53.333 e _ 


ws EZCHX to Ml 


Es 
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4-159. The distributed load acts on the beam as shown. 

Determine the maximum intensity Wmax- What is the 

magnitude of the equivalent resultant force? Specify where w= (2x2 + 4x +16) lb/ft 
it acts, measured from point B. 


Was =-2(1)+4(1)+16=181b/f  Ans 


Fa = fwwrdx= [((-24 +4x + 16)ar = 53.333 = 53.3lb An 


fxwwdx  [x(-22 +4x+16) de . 
Juna a = 1.60 f e w=E2x"+4x+ llo) Ib 


I= 


So that from B, 


Y =4-160=2.40ft  Ans 
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*4-160. The distributed load acts on the beam as shown. poda 
Determine the magnitude of the equivalent resultant force w= (4 +51 + 4) lb/ft 
and specify its location, measured from point A. 


|| 
we EE BAA) lt; ¿y -da= wide 


Fa = Í wi) de = EZ + Lx Jas = 5222 =522lb An 


¡AA f(-22 +Zx+4) dz 
LAA 


x = = 
w(x) dx 52.22 


x=468 ft  Ans 
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e4-161. If the distribution of the ground reaction on the 

pipe per foot of length can be approximated as shown, 

determine the magnitude of the resultant force due to this 25 lb/ft 
loading. 05 E 


< a 
-w=25 (1 + cos 0) lb /ft 


50 1b/£t 


Resultant Components: The magnitude of the differential force dFp is equal to the area of the element shown 
shaded in Fig. a. 
dFp = wr d0 = 25(1+ 00s0 X2.5 d0) = 62.5(1+ c0s0 ) d0 


The horizontal and vertical components of dF are given by 


in26 
O Jao 


(dFy)y = dFp 008 = 62.5(1+ 009)cos 09 = 62400 + 0] yo 


Integrating (dF p ), and (Fr ), from 0=-5 rad to 9 = => rad gives the horizontal and vertical components of the 


resultant for Fp . 


«12 sin29 cos 29 dal 
ER -/ 623 suo Juo=625-cwo- 2 
12 2 


4 


2 : 
UWem»=l 024 o0+ 22H) 02 07 sino, ¿220 Lo 
Ry pa 2 4 2 
XL 


xl 


12 
= 232+5)> 223.171b 1 
a 2 


Thus, 
Fr = (Fr)y = 223.171b=2231b 1 
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4-162. The beam is subjected to the parabolic loading. 
Determine an equivalent force and couple system at 
point A. 


400 lb /ft 


w= (25 x?)lb/ft 


+TR=ER; F =-f da =-['wár 


m=-/" (251) de 
0 
=-533.33 lb = 533 lb ) 


GM, = EM; Ma =Í(4-x)wáx 
=5/"(4-x)(25x*) dx 


= [225% 4100x”) de 
=5$33 lb-ft(Counterclockwise) Ans 


4-163. Two couples act on the frame. If the resultant 
couple moment is to be zero, determine the distance d 
between the 100-Ib couple forces. 


(4 =0= IM;  0=100co830"(d)- 5 1501(4) 


dasS4R Ans 
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*4-164. Determine the coordinate direction angles a, B, y 
of F, which is applied to the end of the pipe assembly, so 
that the moment of F about O is zero. 


Require My = 0. This happens when force F is directed along line OA either 
from point O to A or from point A to O. The unit vectors u,, and u, yare 


- (6-0)i+(14-0)j+(10-0)k 
(6-0)? +(14-0)? +(10-0)? 
= 0.3293i +0.7683j + 0.5488k 


Wo 


a =cos"'0.3293 = 70.89 
B=cos"'0.7683 = 39.8% 
y =cos"'0.5488 = 56.7% 


a (0-6)i+(0-14)j+(0-10)k 


y (0-6)? +(0- 14)? +(0- 10)? 


= -0.3293i -0.7683j —0.5488k 


a =cos”' (0.3293) = 1099 
B=cos”' (-0.7683) = 140" 
y =cos”' (-0.5488) = 123% 


.4-165. Determine the moment of the force F about point 
O. The force has coordinate direction angles of a = 60%, 
p = 120", y = 45”. Express the result as a Cartesian vector. 


Position Vector And Force Vectors : 


For = ((6-0)i+(14-0)j+(10-0)k) in. 
= (6i + 14j+ 10k) in. 


F = 20(cos 60% +cos 120%j+c0s 45%k) Ib 
= (10.01 - 10.0j+ 14. 142k) lb 


Moment of Force F About Point O : Applying Eq.4-—7, we have 


Mo = Tor xF 
1 j k 
=16 14 10 ] 
10.0  -10.0 14.14 


= (2981 + 15.1)-200k) lb. in 
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4-166. The snorkel boom lift is extended into the position 
shown. If the worker weighs 160 lb, determine the moment 
of this force about the connection at A. 


Ma = 160(2+ 25009 50”) = 2891 lb-ft = 2.89 kip-fe Y Ans 


4-167. Determine the moment of the force F¿ about the 
door hinge at A. Express the result as a Cartesian vector. 


Position Vector And Force Vector : 


ras = ((-0.5-(0.5)11+[0-(-1)1I+(0-0)k) m= (13) m 


Fe o 1.5cos 30)])j+(0—1.Ssin 30%) k ] M 


VOS 25) + (0=1=(1+ 1.3008 309)] "+ (0 1.3sin 30%) 


= (159.331 + 183.15j-59.75k) N 


Moment of Force F¿ About Point A : Applying Eq.4-7, we have 


M, = rag* F 
i j k 
=| 0 1 0 
159.33 183.15  -59.75 


= ([-59.71 - 159k) N-m 


*4-168. Determine the magnitude of the moment of the 
force F¿ about the hinged axis aa of the door. 


ras = [[-0.5-(-0.5)]i+10-(-1)1I+(0-0)k) m= (15) m 


E = [0.5 - (-2.5)]i + (0-[-(1+ 1.Scos 30%)])j+(0- 1.Ssin 30%) k 
j [SA + (0-(1+ 1.5cos 309)] )? + (0- 1.Ssin 30?)? 
= (159.331 + 183.15j-59.75k) N 


Moment of Force F¿ About a- aAxis : The unit vector along the a—aaxis isi. 
Applying Eq.4- 11, we have Ma mb (e,p Ec) 
1 0 0 
- 90. 1 0 
159.33 183.15  -S9.75 


= 1(1(-59.75) - (183.15) (0)] -0+0 
=-597N-m 
The negative sign indicates tha: M,. is directed toward negative x axis. 
M,-.=59.7N-m 
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.4-169. Express the moment of the couple acting on the 
pipe assembly in Cartesian vector form. Solve the problem 
(a) using Eq. 4-13 and (b) summing the moment of each 
force about point O. Take F = (25k] N. 


2) Mc = rax(25k) 
(b) Mc =FosX (25k) + ror X (-25 k) 


i J k 
= |-0.35 -02 o Ej 


k toj 
Ñ y =|03 0.2 o + ¡0.65 0.4 | 
0 0 0 0 - 


Mc = (-51 + 8.75)) N-m 
Mc = (5-10) 1 + (-7.5 + 16.25) J 


Mc = (-5i + 8.75J) N-m Ans 


4-170. If the couple moment acting on the pipe has a 
magnitude of 400 N - m, determine the magnitude F of the 
vertical force applied to each wrench. 


Mc 2 fyX (Fk) 
LooJ ok 
=|4035 02 0 

0 0 


Mc = [-0.2F 1 + 0.35F J) N-m 


Mc = Y (0.2F)? + (0.35F)? = 400 


400 


F 2 — omnes 
y (0.2)? + (0.35)? 


= 992 N 
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4-171. Replace the force at A by an equivalent resultant 
force and couple moment at point P. Express the results in 
Cartesian vector form. 


E, = 00 a 01-03 + 40k)b  Ans 


Yes” + (-8P +4 


LoJ ok 
Mer = IMp =|2 14 -1 
80 -80 40 


= (-2401 +720] + 960k)lb- ft  Ans 


*4-172. The horizontal 30-N force acts on the handle of 
the wrench. Determine the moment of this force about 
point O. Specify the coordinate direction angles a, B, y of 
the moment axis. 


Position Vector And Force Vectors : 
The magnitude of M) is 
Foa = [(-0.01 -0)i+(0.2-0)]3+(0.05-0)k) m 


= (-0.01i+0.2j+0.05k) m Mo = (1.0612 + 1.0612 +(-4.031)* = 4.301 N-m 


F = 30(sin 45% —cos 45%) N . ne 
= (21.213 -21.213j) N The coordinate direction angles for My are 


Moment of Force F About Point O : Applying Eq.4-7, we have 


Mo = Fo, XF 
i j k 
=|-0.01 0.2 0.05 
21.213 -21.213 0 


= (1.061i+ 1.061j-4.031k) N-m 
= (1.061 + 1.06j-4.03k) N - m 
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e4-173. The horizontal 30-N force acts on the handle of 
the wrench. What is the magnitude of the moment of this 
force about the z axis? 


Position Vector And Force Vectors : 


Par = [-0.01i+0.2j) m 
Toa = [(-0.01 -0)1+(0.2-0)j+(0.05-0)k) m 
= (-0.01i +0.2)+0.05k) m 


F = 30(sin 45% —cos 45%) N 
= (21.213-21.213)) N 


Moment of Force F About z Axis : The unit vector along the z axis is k. 
Applying Eq.4- 11, we have 


M, =k-(rg, < F) 
0 0 1 
=| 0.01 0.2 d 
21.213 — -21.213 


= 0-0+ 1[(-0.01) (-21.213) - 21.213(0.2)] 
= 4.03 N-m Ans 


M,=k-(rg, x E) 


0 0 1 
=|-0.01 0.2 003 
21.213 — -21.213 0 


= 0-0+ 1((-0.01) (-21.213) - 21.213(0.2)] 
=4.03N-m Ans 


The negative sign indicases thaz M, is directed along the negative z axis. 
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e5-1. Draw the free-body diagram of the 50-kg paper roll 
which has a center of mass at G and rests on the smooth 
blade of the paper hauler. Explain the significance of each 
force acting on the diagram. (See Fig. 5-7b.) 


The Significance of Each Force : | 


W is the effect of gravity (weight) on the paper roll. 


N, and N, are the smooth blade reactions on the 
paper rolL 


5-2. Draw the free-body diagram of member AB, which is 
supported by a roller at A and a pin at B. Explain the 
significance of each force on the diagram. (See Fig. 5—7b.) Pr 


Na force of plane on roller. 
B., B, force of pin on member. 
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5-3. Draw the free-body diagram of the dumpster D of the 
truck, which has a weight of 5000 lb and a center of gravity 
at G. It is supported by a pin at A and a pin-connected 
hydraulic cylinder BC (short link). Explain the significance 
of each force on the diagram. (See Fig. 5-7b.) 


The Significance of Each Force : 
W is the effect of gravity (weight) on the dumpster. 
A, and A, are the pin A reactions on the dumpster. 


Fac is the hydraulic cylinder BC reaction on the dumpster. 


*5-4, Draw the free-body diagram of the beam which 
supports the 80-kg load and is supported by the pin at A and 
a cable which wraps around the pulley at D. Explain the 


significance of each force on the diagram. (See Fig. 5-7b.) 


T force of cable on beam. 
A, . A, force of pin on beam. 
80(9.81)N force of cable on beam. 
15m 


80C981)N 
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e5-5. Draw the free-body diagram of the truss that is 
supported by the cable AB and pin C. Explain the significance 
of each force acting on the diagram. (See Fig. 5-7b.) 


The Significance of Each Force : 
G, and C, are the pin C reactions on the truss. 
Tae is the cable AB tension on the truss. 


3 kN and 4 kN force are the effect of external applied forces on 
the truss. 


5-6. Draw the free-body diagram of the crane boom AB 
which has a weight of 650 lb and center of gravity at G.The 


boom is supported by a pin at A and cable BC. The load of 
1250 lb is suspended from a cable attached at B. Explain 
the significance of each force acting on the diagram. (See 
Fig. 57b.) 


The Significance of Each Force : 
W is the effect of gravity (weight) on the boom. 
A, and A, are the pin A reactions on the boom. 
Tac is the cable BC force reactions on the boom. 


1250 lb force is the suspended load reaction on the boom. 
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5-7. Draw the free-body diagram of the “spanner 
wrench” subjected to the 20-1b force. The support at A can 
be considered a pin, and the surface of contact at B is 
smooth. Explain the significance of each force on the 
diagram. (See Fig. 5-7b.) 


Az, A, , Na force of cylinder on wrench. 


*5-8. Draw the free-body diagram of member ABC which 
is supported by a smooth collar at A, roller at B, and short 
link CD. Explain the significance of each force acting on the 
diagram. (See Fig. 5-7b.) 


The Significance of Each Force : 
N, is the smooth collar reaction on member ABC. 
Na is the roller support B reaction on member ABC. 
Fep is the short link reaction on member ABC. 
2.5 kN is the effect of external applied force on member ABC. 


4 kN - mis the effect of external applied couple moment on 
member ABC. 


323 


5 Solutions 44918 1/23/09 5:11 PM Page 324 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*e5-9. Draw the free-body diagram of the bar, which has a 
negligible thickness and smooth points of contact at A, B, 
and C. Explain the significance of each force on the 
diagram. (See Fig. 5-7b.) 


Na, Na, Ne force of wood on bar. 
10 lb force of hand on bar. 
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5-10. Draw the free-body diagram of the winch, which 
consists of a drum of radius 4 in. It is pin-connected at its 
center C, and at its outer rim is a ratchet gear having a mean 
radius of 6 in. The pawl AB serves as a two-force member 
(short link) and prevents the drum from rotating. Explain 
the significance of each force on the diagram. (See 
Fig. 5-7b.) 


Ca, G, force of pin on drum. 
Fis force of paw!l on drum gear. 
500 lb force of cable on drum. 


5-11. Determine the normal reactions at A and B in 
Prob. 5-1. 


Equations of Equilibrium : By setting up the x and y axes in the 
manner shown, one can obtain the direct solution for N, and Nz. 


gp FE =0: Na -490.5sin30?=0  Np=245N 


M+ER =0;  N,-490.5c08 30 =0  N,=425N 
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*5-12. Determine the tension in the cord and the 
horizontal and vertical components of reaction at support A 
of the beam in Prob. 54. 


fi =0 70)+ ro - 80 (9.81) (5.5) = 0 


T = 8%.1N = 830N Ans 


5 IR, 20; 4 - 530.1 (5) =0 


A, = 498N Ans 
+TER =0, -4A + 830.1 + 830.1 (7) - 80 (9.81) =0 


A, = 709N Ans 


80(9,81)N 


e5-13. Determine the horizontal and vertical components 
of reaction at C- and the tension in the cable AB for the 
truss in Prob. 5-5. 


Equations of Equilibrium : The tension in the cable can be obtained 
directly by summing moments about point C. 


(+ EM¿=0; — Ticos 30%(2) +7, y sin 30%(4) -3(2) -4(4) =0 
Tia = 5.89 kN Ans 


SER =0; C,- 5.89c0s30"=0 
C, =S.11kN Ans 


+ TER =0, 6 + 5.89 sin 30”-3-4=0 
65 =4.05kN Ans 
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5-14. Determine the horizontal and vertical components 
of reaction at A and the tension in cable BC on the boom in 
Prob. 5-6. 


Equations of Equilibrium : The force in cable BC can be obtained 
directly by summing moments about point A. 


(+ EM, =0; — Taesin7.380*(30) -6S0cos 30*(18) 
- 1250sin 60*(30) = 0 


Tac = 11056.9 lb = 11.1 kip Ans 


S ER =0; a, -110569(55)=0 
A, = 10206.4 lb = 10.2 kip 


+TER =0; A,-650-1250- 110569(5)=0 
A, =6152.7 lb = 6.15 kip 


5-15. Determine the horizontal and vertical components 
of reaction at A and the normal reaction at B on the 
spanner wrench in Prob. 57. 


(GEM, = 0 Ma (1) 2007) =0 


Ac 20 
Na = 140 lb Ans s 


IFA, =0; -A + 140 =0 dl 


A, = 140 1b Ans 
+TIF,=0; A -20 =0 


A =20lb  Ans 


*5-16. Determine the normal reactions at A and B and the 
force in link CD acting on the member in Prob. 5-8. 


Equations of Equilibrium : The normal reaction N, can be obtained 
direcdy by summing moments about point C. 


(+ EM¿=0; — 2.5sin 60*(6) -2.5c0s 60*(3)-4 
+N, cos 45%(3) —N, sin 45*(10) =0 


N, = 1.059 kN = 1.06 kN Ans 
> XIR =0; — 1.059%c0s 45%-2.5c0s 60" + Fp =0 
Fep =0.501 kN 


+TZR =0;  N¿+1.059sin 45* -2.Ssin 60? = 0 
Na = 1.42 kN 
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e5-17. Determine the normal reactions at the points of 
contact at A, B, and C of the bar in Prob. 5-9. 


MIF, =0; — Nesin 60-10 sin 30? =0 
Nc = 5.77 lb Ans 

(+IMp =0; 10 cos 30%(13- 1.732) -M(S- 1.732)- 5.77(3.464) = 0 
Na =23.7 lb Ans 

+ÁZF, 30;  Ng+5.77 cos 60”+10 cos 30” -23.7 20 


N¿ = 12.2 1b Ans 


5-18. Determine the horizontal and vertical components 
of reaction at pin C and the force in the pawl of the winch in 
Prob. 5-10. 


/13 


Fra = 400.6 lb = 401 lb Ans 


UozMe = 0; Fa (55)s- so 0 


SER =0; -6 m6) =0 


Ya 


G = 3331b Ans 


+TEF, =0; | 
1 


G =72b Ans 
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5-19. Compare the force exerted on the toe and heel of a 
120-lb woman when she is wearing regular shoes and 
stiletto heels. Assume all her weight is placed on one foot 
and the reactions occur at points A and B as shown. 


fs =0: 


+ 1 XR, =0; 


Stileno hegl shoe, 


Go =0; 


+ TER, =0; 


120(5.75) —(N,), (7) =0 
(N/), = 98.6 lb 


(Ng)y +98.6-120=0 
(Ng)y =21.4 lb 


120(3.75) —(Na), (4.5) =0 
(Na), = 100 lb 


(Ng)s+100—120=0 
(Na); = 2010 
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*5-20. The train car has a weight of 24 000 lb and a center 
of gravity at G. It is suspended from its front and rear on the 
track by six tires located at A, B, and C. Determine the 
normal reactions on these tires if the track is assumed to be 
a smooth surface and an equal portion of the load is 
supported at both the front and rear tires. 


24000 lb 


(¿ILMO = 0: (2Mc) (4) - 24000(5) = 0 
Nc = 15000 lb = ISkip  Ans 
> ER, = 0 2M-2(15) =0 
MN =1Skip  Ans 
+TER =0; 2N5- 24000 =0 


No = 12kip  Ans 
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e5-21. Determine the horizontal and vertical components 
of reaction at the pin A and the tension developed in cable 
BC used to support the steel frame. 


Equations of Equilibrium: From the free - body diagram of the frame, Fig. a, 
the tension T of cable BC can be obtained by writing the moment equation of 
equilibrium about point A. 


(+24, =0; (3Jo+1£)0-0m-0=0 
T = 34.62 kN = 34.62 kN Ans. 
Using this result and writing the force equations of equilibrium along the x and y axes, 


3 
xF, =0 A - 2462 +) =( 
Ay = 20.77 kN =20.8 kN 


+ TER, =0; 4, - 00-346 +)=0 
5 
A, = 87.69kN =87.7kN 
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5-22. The articulated crane boom has a weight of 125 lb and 
center of gravity at G. If it supports a load of 600 lb, determine 
the force acting at the pin A and the force in the hydraulic 
cylinder BC when the boom is in the position shown. 


F3 cos 40" (1) '+ Fz sin 40 (1) — 125(4) — 600(9) = 0 


Fa = 4188 lb = 4.19kip  Ans 


— A, + 4188 cos 40” = 0 


A, = 3208 lb =3.21 kip Ans 


+TER, =0; -—A, + 4188 sin 40” - 600 — 125 = 0 


A =197kip  Ans 
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5-23. The airstroke actuator at D is used to apply a force of 
F =200 N on the member at B. Determine the horizontal 
and vertical components of reaction at the pin A and the 
force of the smooth shaft at C on the member. 


600 mm 


Equations of Equilibrium: From the free - body diagram of member ABC, Fig. a, 
Nc can be obtained by writing the moment equation of equilibrium about point A. 


(¿2M, =0; 200sin60” (800) - N ¿(600 +200sin15")= 0 
Nc = 212.60 N =213N Ans. 


Using this result and writing the force equations of equilibrium along the x and y axes, 


5XF, =0 —A y +212.60005 15” — 200c0s60” = 0 
A, =105 N 

+ TX, =0; -A y -212.60sin 15 +200sin 60” = 0 
Ay =118N 
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*5-24. The airstroke actuator at D is used to apply a force 
of F on the member at B. The normal reaction of the 
smooth shaft at C on the member is 300 N. Determine the 
magnitude of F and the horizontal and vertical components 
of reaction at pin A. 


Equations of Equilibrium: From the free - body diagram of member ABC, Fig. a, 
force F' can be obtained by writing the moment equation of equilibrium about point A. 


(Ma =0; F sin60(800)— 300 600+ 200sin15*) = 0 
F = 282.22N =282 N Ans, 


Using this result and writing the force equations of equilibrium along the x and y axes, 


—A , +300008 15" — 282.22c00860* = 0 
A, =149 N 
—A y — 300sin 15" +282.22sin 60 = 0 


A, =167N 
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e5-25. The 300-Ib electrical transformer with center of gravity 
at G is supported by a pin at A and a smooth pad at B. 
Determine the horizontal and vertical components of reaction 
at the pin A and the reaction of the pad B on the transformer. 


Equations of Equilibrium: From the free - body diagram of the transformer, Fig. a, 
Npg and A, can be obtained by writing the moment equation of equilibrium about 
point A and the force equation of equilibrium along the y axis. 


(4, =0; Ng(3)-300(1.5)= 0 
Ng = 1501b 
+ T ER, =0; Ay - 300=0 
A, = 300 1b Ans. 


Using the result Ng =150 lb and writing the force equation of equilibrium along the x axis, 


HXR, =0 150- A, =0 
Az =150 lb 
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5-26. A skeletal diagram of a hand holding a load is shown 
in the upper figure. If the load and the forearm have masses 
of 2 kg and 1.2 kg, respectively, and their centers of mass are 
located at G, and G,, determine the force developed in the 
biceps CD and the horizontal and vertical components of 
reaction at the elbow joint B. The forearm supporting 
system can be modeled as the structural system shown in 
the lower figure. 


Equations of Equilibrium: From the free - body diagram of the structural 
system, Fig. a, Fcp can be obtained by writing the moment equation of equilibrium 
about point B. E | 


(Mp =0; 2(9.81X100+ 135+65)+ 1.2(9.81X135 +65) 
Fey sin75*(65)= 0 
Fcp = 13125N =131N Ans. 


Using the above result and writing the force equations of equilibrium along the x 
and y axes, 
5ER =0 131.2500875”— B, =0 
Bx = 33.97 N =34.0N 
+ VER, =0; 131.25sin75” - 2(9.81)- 1.1 9.81)- B, =0 
By = 95.38 N =95.4N 
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5-27. As an airplane's brakes are applied, the nose wheel 
exerts two forces on the end of the landing gear as shown. 
Determine the horizontal and vertical components of 
reaction at the pin C and the force in strut AB. 


Equations of Equilibrium : The force in strut AB can be obtained 
directly by summing moments about point C. 


(+ EM¿=0;  2(1)-6(ltan 20”) + F, y sin 50*(0.4) 
— Fg cos 50*(0.4tan 20") =0 


Fra = 0.8637 kN = 0.864 kN Ans 


Using the result F, g = 0.8637 kN and sum forces along x and y axes, 


we have, 
+ TER =0; 6+0.8637c0s 50? — C, =0 


G, =6.56 kN 


SER =0;  0.8637sin 50”+2-C, =0 
! C, =2.66 kN Ans 


337 


5 Solutions 44918 1/23/09 5:11 PM Page 338 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*5-28. The 1.4-Mg drainpipe is held in the tines of the fork 
lift. Determine the normal forces at A and B as functions of 
the blade angle 9 and plot the results of force (vertical axis) 
versus 6 (horizontal axis) for 0 <= 9 = 90". 


1.440)? (4-4) N 
Na —1.4(10) (9.81)3in0 = 0 E) 


NM =13.75in86kN  Ans 


Na —1.4(10)' (9.81)c080=0 
Na 
AN; 


“ Na=13.7c098kN  Ans 


N (An) 
Na= 13.7 5:48 


Ne=13.1000 
2) 
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e5-29. The mass of 700 kg is suspended from a trolley 
which moves along the crane rail from d=1.7m to 
d = 3.5 m. Determine the force along the pin-connected 
knee strut BC (short link) and the magnitude of force at pin 
A asa function of position d. Plot these results of Fzc and Fa 
(vertical axis) versus d (horizontal axis). 


r 4 
(+2, =0; Frc(<)4.5)-7000.800 =0 


Fac =5722.5d Ans 
SEE =0 -A «(sr2.50(5) =0 
A, =3433.5d 
4 
+TIR =0 -A +(5722.5a)(5)-70009.81) =0 


A =4578d — 6867 


Fa = (3433.54) +(4578d - 6867) 
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5-30. If the force of F'= 100 lb is applied to the handle of 
the bar bender, determine the horizontal and vertical 
components of reaction at pin A and the reaction of the 
roller B on the smooth bar. 


Equations of Equilibrium: From the free - body diagram of the handle of the bar 
bender, Fig. a, Ay and Ny can be obtained by writing the force equation of equilibrium 
along the y axis and the moment equation of equilibrium about pointA, respectively. 


+ TER, =0, Ay — 100sin30? = 0 

Ay, =501b Ans, 
(Ma =0; N g 005 60%(5)- 100(40) = 0 

Ng = 1600N =1.60 kip Ans. 


Using the result Ng¿ = 1600 N and writing the force equation of equilibrium along the x 


Ay — 1600 +1000030* = 0 
A, =1513.40 N =1.51 kip 
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5-31. If the force of the smooth roller at B on the bar 
bender is required to be 1.5 kip, determine the horizontal 
and vertical components of reaction at pin A and the 
required magnitude of force F applied to the handle. 


Equations of Equilibriam: From the free - body diagram of the handle of the bar 
bender, Fig. a, force F can be obtained by writing the moment equation of equilibrium 
about point A. 


L+2M, =0; 1500c0860%5)- F(40) = 0 
F =93.751b Ans. 


Using the above result and writing the force equation of equilibrium along the x and y 
axes, 
EF, =0 Az + 93.75c0530? - 1500 = 0 
Ax = 1418.81 lb = 1.42 kip 
+ TER, =0; Ay - B.75sin30* = 0 
Ay = 46.875 lb = 46.9 lb 
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*5-32. The jib crane is supported by a pin at C and rod AB. 
If the load has a mass of 2 Mg with its center of mass located 
at G, determine the horizontal and vertical components of 
reaction at the pin C and the force developed in rod AB on 
the crane when x =5 m. 


Equations of Equilibrium: Realizing that rod AB is a two - force member, it will exert 
aforce F pg directed along its axis on the beam, as shown on the free - body diagram in 
Fig. a. From the free - body diagram, F¿g can be obtained by writing the moment equation 
of equilibrium about point C. 


3 4 
(+2Mc =0; haa 5ho- Fag (Hoz 2000(9.81X5)=0 
Fig = 38 320.31 N =38.3 kN Ans. 


Using the above result and writing the force equations of equilibrium along the x and y axes. 


LF, =0 Cy - 38 22031 +) =0 
C; = 30656.25 N = 30.7 kN 

+ TER, =0; 38 203 2)-20000080-G, =0 
Cy = 3372.19N = 3.37kN 


2000(98/) N 
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e5-33. The ib crane is supported by a pin at Cand rod AB. 
The rod can withstand a maximum tension of 40 kN. If the 
load has a mass of 2 Mg, with its center of mass located at G, 
determine its maximum allowable distance x and the 
corresponding horizontal and vertical components of 
reaction at C. 


Equations of Equilibrium: Realizing that rod AB is a two - force member, it will exert 
aforce F yg directed along its axis on the beam, as shown on the free - body diagram in 
Fig. a. From the free - body diagram, the distance x can be obtained by writing the moment 
equation of equilibrium about point C., 


(Mc =0; 40 000 + Ja) 40 00 $ )o2- 2000(9.81X(x) = 0 


x=5.22m Ans. 


Writing the force equations of equilibrium along the x and y axes, 


4 
Cc, - 40000) = |=0 
> 005) 


C, = 32000 N = 32 kN 


20000 3)- 20009.81)- Cy =0 


C, = 4380N = 4.38 kN 


2000C9-8)N 
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5-34. Determine the horizontal and vertical components 
of reaction at the pin A and the normal force at the smooth 
peg B on the member. 


Equations of Equilibrium: From the free - body diagram of the member, Fig. a, 
Np can be obtained by writing the moment equation of equilibrium about point A. 


(mM, =0; Ng (0.4) -600cos 30%(0.8) = 0 
Ng = 1039.23 N =1.04kN pr 


Using this result and writing the force equations of equilibrium along the x and y axes, 


60000s 30? — 1039.23c0s 60? —A, =0 
A, =0 

=A y + 1039.23sin60” — 600sin30? = 0 
Ay = 600 N 
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5-35. The framework is supported by the member AB 
which rests on the smooth floor. When loaded, the pressure 
distribution on AB is linear as shown. Determine the length d 
of member AB and the intensity w for this case. 


+TER =0; F»-2%0=0 
Fp = 800 lb 


When tipoi 


(+EMa = 0; -800(5) + s00(d-4) =0 


dazór Aus 


he zud . ¿00 = 800 


w = 267 lb/ft 


345 


5 Solutions 44918 1/23/09 5:11 PM Page 346 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*5-36. Outriggers A and B are used to stabilize the crane 
from overturning when lifting large loads. If the load to be 
lifted is 3 Mg, determine the maximum boom angle O so that 
the crane does not overturn. The crane has a mass of 5 Mg 
and center of mass at G¿, whereas the boom has a mass of 
0.6 Mg and center of mass at Gg. 


(1ó = 0; -$(9.81)(2.3) + 3 (9.81) (9.5 sin 6 - 0.7) 


+ 0.6 (9.81) (5 sin 9 - 0,7) = 0 


9 = 26.4? Ans 
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e5-37. The wooden plank resting between the buildings 
deflects slightly when it supports the 50-kg boy. This 
deflection causes a triangular distribution of load at its ends, 
having maximum intensities of w, and wz. Determine wa 
and wz, each measured in N/m, when the boy is standing 
3 m from one end as shown. Neglect the mass of the plank. 


50099))=4905N 


(24 2 0: 9050.19) + =v (0.3) (9.25) = 0 
OSM: 


wa = 1113.6 N/m = 1.11 kN/m 3m 


j 
«TER =0 Do (0.45) + z (113.6) (03) - 490.5 =0 ZW )C045) 


w, = 1437.6N/m =1.44kN/m Ans 
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5-38. Spring CD remains in the horizontal position at all 
times due to the roller at D. If the spring is unstretched 
when 0 =0” and the bracket achieves its equilibrium 
position when 0 = 307, determine the stiffness k of the 
spring and the horizontal and vertical components of 
reaction at pin A. 


Spring Force Formula: At the equilibrium position, the spring elongates x = 
0.6sin30? m. Using the spring force formula, the force in spring CD is found to be 
Fop = kx =0.Kk. 


Equations of Equilibrium: From the free - body diagram of the bracket, Fig. a, the 
stiffness k of spring CD and A, can be obtained by writing the moment equation of 
equilibrium about point A and the force equation of equilibrium along the x axis, 
respectively. 
$ +1M a =0; 0.3k cos 30(0.6) — 300 cos 30%(0.45) — 300sin30%(0.6) = 0 
k=1327.35N /m=1.33kN /m Ans. 
+ TER, =0; Ay - 300= 0 
A, = 300N Ans. 


Using the result k = 1327.35 N / m and writing the force equation of equilibrium along 
the x axis, 


DEF, =0 Az — 0.X1327.35)= 0 
Ay = 398.21 N =398 N 
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5-39. Spring CD remains in the horizontal position at all 
times due to the roller at D. If the spring is unstretched 
when 9 = 0? and the stifíness is k = 1.5 kN/m, determine 
the smallest angle 6 for equilibrium and the horizontal and 
vertical components of reaction at pin A. 


Spring Force Formula: At the equilibrium position, the spring elongates x = 
0.6sin6. Using the spring force formula, the force in spring CD is found to be 
Fay = kx = 1500(0.6sin0 )= 900sin O. 


Equations of Equilibrium: From the free - body diagram of the bracket, Fig. a, the 
equilibrium position 9 and A, can be obtained by writing the moment equation of 
equilibrium about point A and the force equation of equilibrium along the y axis, 
respectively. 


(zm A=0; 900sin6 cosó (0.6) — 300 sin 6(0.6)— 300c0050(0.45) = 0 
540sin0 cos0 — 180sin 0 — 1350080 = 0 

Solving by trial and error yields 
9 = 23.083" = 23.1" 


+ 1 ER, =0; Ay, - 300=0 
A, = 300N Ans. 


Using the result 6 = 23.083? and writing the force equation of equilibrium along 
the x axis, 
EF, =0 A, — 900sin23.083* = 0 

A, = 352.86N = 353 N 
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*5-40. The platform assembly has a weight of 250 lb and 
center of gravity at Gy. If it is intended to support a 
maximum load of 400 lb placed at point G,, determine the 
smallest counterweight W that should be placed at B in 
order to prevent the platform from tipping over. 


When tipping occurs, R- = 0 
( +2M, =0; — 400(2) + 250(1) + W¿(7) = 0 


W, = 78.61 
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e5-41. Determine the horizontal and vertical components 


of reaction at the pin A and the reaction of the smooth 
collar B on the rod. 


Equations of Equilibrium: From the free - body diagram, Ay and Ng can be 
obtained by writing the force equation of equilibrium along the y axis and the 
moment equation of equilibrium about point A. 


+ TER, =0; Ay — 300- 450=0 
A, =7501b Ans. 
(Ma =0; Ng (4 sin30?)—300(1) -450(3) == O 
Np =825 lb Ans. 


Using the result Ng = 825 lb and writing the force equation of equilibrium along 


EE, =0 


300lb  450lb 
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5-42. Determine the support reactions of roller A and the 
smooth collar B on the rod. The collar is fixed to the rod 
AB, but is allowed to slide along rod CD. 


Equations of Equilibrium: From the free - body diagram of the rod, Fig. a, N g 
can be obtained by writing the force equation of equilibrium along the yaxis. 


+ TER, =0; Np sin 45” -900=0 
Ng = 1272.79N =1.27kN Ans. 


Using the above result and writing the force equation of equilibrium and the moment 
equation of equilibrium about point B, 
DEF, =0 1272.7900545”— Ar =0 
Az = 900N 
(¿Ma =0; -900(1) + 9002) sin45”-600+ Mg =0 
Mp =227N-m 
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5-43. The uniform rod AB has a weight of 15 lb. Determine 
the force in the cable when the rod is in the position shown. 


Na(5 sin 40%) — 15(2.5 cos 40?) =0 


=> EF, =0; Tcos 10?-8.938=0  T=9.08 lb 


*5-44, Determine the horizontal and vertical components 
of force at the pin A and the reaction at the rocker B of the 
curved beam. 


($EMa = 0; Ma (4) - 200c0s 15" (2) - 500 cos 10” (2) = 0 


Ny 734279=343N Ans 
+TIR =0; A, - 500cos 10” - 200c0s 15* + 342.79 = 0 
A = 3428 =343N  Ans 
SER =0; - A, + 500 sin 10” - 200 sin 15% = 0 


A = 351N Áns 
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e5-45. The floor crane and the driver have a total weight 
of 2500 Ib with a center of gravity at G. If the crane is 
required to lift the 500-lb drum, determine the normal 
reaction on both the wheels at A and both the wheels at B 
when the boom is in the position shown. 


Equations of Equilibrium: From the free - body diagram of the floor crane, Fig. a, 


(Mp =0; 2500(1.4+ 8.4) — 5OM(15cos 30” 8.4) —N 4(2.2+1.4+8.4) =0 
Na = 1850.40 lb =1.85 kip Ans. 
+ Y ER, =0; 1850.40— 2500- 500+ Ng =0 
Ng = 1149.60 lb=1.15kip Ans. 
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5-46. The floor crane and the driver have a total weight of 
2500 Ib with a center of gravity at G. Determine the largest 
weight of the drum that can be lifted without causing the 
crane to overturn when its boom is in the position shown. 


Equations of Equilibrium: Since the floor crane tends to overturn about point B, 
the wheel at A will leave the ground and Ny = 0. From the free - body diagram of 
the floor crane, Fig. a, Wcan be obtained by writing the moment equation of 


equilibrium about point B. 


(+2M 5 =0; 2500(1.4+ 8.4) W(1500s30*- 8.4) = 0 
W = 5337.25 lb =5.34 kip 
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5-47. The motor has a weight of 850 lb. Determine the 
force that each of the chains exerts on the supporting hooks 
at A, B, and C. Neglect the size of the hooks and the 
thickness of the beam. 


Ecos 10%(1) + 850(0.5) - Fecos 10%(2) = 0 


Fe sin 10 — Fasin30? — F, sin10? =0 


850- F,cos 10? - F¿cos30*= Fc 00s 10? =0 


Solving Egs.(1), (2) and (3) yields : 


Ej=432lb  Fa=0 Fe=432 


*5-48. Determine the force P needed to pull the 50-kg roller 
over the smooth step. Take O = 60*. 


07311 m 
$ = cos" (5) = 33.56 NiBó 
(+EMy = 0;  50(9.81) sin 20 (0.5) +50(9.81) cos 20"(0.3317) — P cos 60* (0.5) 
— P sin 60* (0.3317) = 0 


P =441N. Ans 
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e5-49. Determine the magnitude and direction 0 of the 
minimum force P needed to pull the 50-kg roller over the 
smooth step. 


sota.nAL 


? 5 
For Pnin, Na >0 $=cos* (5) = 33.56" 


(+2Ms = 0; 50/(9.81) sin 20” (0.5) +50(9.81) cos 20*(0.3317) — P cos 6 (0.5) 


—P sin 9 (0.3317) = 0 
236.75 — P cos 6 (0.5) — P sin 6 (0.3317) = 0 


Pa 236.75 
— (0.5 cos 6 + 0.3317 sin 6) 


For Prsin > 


dP _ -236.75 (-0.5 sin O + 0.3317 008 8) _ y 
de (0.5 cos O + 0.3317 sin 0 


8 = 33.6” Ans 


Prin = 399N  Ans 
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5-50. The winch cable on a tow truck is subjected to a 
force of T = 6kN when the cable is directed at O = 60%. 
Determine the magnitudes of the total brake frictional 
force F for the rear set of wheels B and the total normal 
forces at both front wheels A and both rear wheels B for 
equilibrium. The truck has a total mass of 4 Mg and mass 
center at G. 


SF, =0; 6000 sin60” - F =0 


F = $196N =5.20kN Ans 


(+EMp =0; Ma (4.5) +4(10*)(9.81) (2.5) — 6000 sin 60” (3) - 6000 cos 60” (1.5) = 0 


N, =17336N=17.3kN — Ans 
+TZF, =0; 17336 - 4(10')(9.81) - 6000 cos 60” + M = 0 


Na = 24904N =24.9kN  Ans 
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5-51. Determine the minimum cable force T and critical 
angle 9 which will cause the tow truck to start tipping, i.e., for 
the normal reaction at A to be zero. Assume that the truck is 
braked and will not slip at B. The truck has a total mass of 
4 Mg and mass center at G.x 


(+1M4 =0  4(10)0.800.5 - Tsin0(3) - Toos 91.5) = 0 


65 400 


te iia 


dT  -—<45 400(-sin0 +2 cos0) 

— > 2 () 

de (cos 9 + 2 sin OP 
-sin9 +2 cos09=0 

0 =tan"!2 2 63,43 = 63.4? Ans 


65 400 


A 2 29.2 kN 
“Guara 


*5-52. Three uniform books, each having a weight W and 
length a, are stacked as shown. Determine the maximum 
distance d that the top book can extend out from the 
bottom one so the stack does not topple over. 


Equilibrium : For top two books, the upper book will topple when the 
center of gravity of this book is to the right of point A. Therefore, the 
maximum distance from the right edge of this book to point A is a/2, 


Equation of Equilibrium : For the entire three books, the top two books 
will topple about point B. 


(+24, =0; Wa-d)-w(d-5)=0 
mE 
4 


d 
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e5-53. Determine the angle 9 at which the link ABC is 

held in equilibrium if member BD moves 2 in. to the right. 

The springs are originally unstretched when 6 = 0%. Each Kc = 100 Ib /ft 
spring has the stifíness shown. The springs remain 

horizontal since they are attached to roller guides. 


kar = 500 lb /ft 


(QEMp =0;  Fe(6cos9)-Fa(6cos0)=0  FcmE,=F 


20 = 57 =0.12F and xy = 0 =0.024F 
TT 


6) (E) 
Using similar triangles 


0.096F ya 2-0.004F 


2 5 F=21.77 lb 


ún0  LBEZT - 2577 


0=12.8* 
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5-54. The uniform rod AB has a weight of 15 lb and the 
spring is unstretched when 0 = 0*. If 9 = 30%, determine 
the stiffness k of the spring. 


Geometry : From triangle CDB, the cosine law gives 


l= /2.5362+ 1.7322 -2(2.536) (1.732) cos 120" = 3.718 fe 


Using the sine law, 
sina sin 120? 


— => _— = o 
1330 3m8 ““%21 


Equations of Equilibrium : The force in the spring can be obtained 
directly by summing moments about point A. 


(+ zm, =0; — 15008 30*(1.5)-—E,cos 36.21(3) =0 
E, = 8.050 lb 


Spring Force Formula : The spring strewches x = 3.7183 =0.718 ft 


5-55. The horizontal beam is supported by springs at its 
ends. Each spring has a stifíness of k = 5kN/m and is 
originally unstretched so that the beam is in the horizontal 
position. Determine the angle of tilt of the beam if a load of 
800 N is applied at point C as shown. 


Equations of Equilibrium : The spring force at A and B can be obtained 
direcily by summing moments about points B and A, respectively. 


(+ EM, =0; — 800(2)-F,(3)=0  F,=533.33N 


(+ 1M,=0: B(3)-800(1)=0  F=266.67N 
. F 
Spring Formula: ApplyingA = rá we have 


533.33 
A, = 3110») = 0.1067 m 


266.67 
Ay = 5109) = 0.05333 m 


Geometry : The angle of tilt a is 


q Es 
a=tun 


)- 1.022 
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*5-56. The horizontal beam is supported by springs at its 
ends. If the stifíness of the spring at A is k14 = 5kN/m, 
determine the required stiffness of the spring at B so that if 
the beam is loaded with the 800 N it remains in the 
horizontal position. The springs are originally constructed 
so that the beam is in the horizontal position when it is 
unloaded. 


0:/067-Q05333 
=8.05333 m 


Equations of Equilibrium : The spring forces at A and B can be A,=0-/067m 
obtained direcdy by summing moments about points B and A respectively. 


=0;  800(2)-F,(3)=0  F,=533.33N 
=0;  F(3)-800(1)=0  F =266.67N 


. F 
Spring Formula : Applying A = rá we have 


533.33 266.67 
A 1) 701067 m Ap = k 


Geometry : Requires, Az =A,. Then 


kg = 2500 N/m= 2.50 kN /m 
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e5-57. The smooth disks D and E have a weight of 200 lb 
and 100 lb, respectively. If a horizontal force of P = 200 lb 
is applied to the center of disk E, determine the normal 
reactions at the points of contact with the ground at A, B, 


and C. 


For disk E : 


SEF =0; rr o 


+TER =0; Ne - 100 - N" (3) = 0 
For disk D : 


SIR 20 Mm (E) =0 


5 
+TIR =0 M (3) +4 - 20 +" (3) =0 
Set P = 200 lb and solve : 

N' = 204,12 
A = 250lb Ans 


ÑN =918b Ans 


Nc = 141Db Ans 
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5-58. The smooth disks D and E have a weight of 200 lb 
and 100 lb, respectively. Determine the largest horizontal 
force P that can be applied to the center of disk E without 
causing the disk D to move up the incline. 


For disk E : 


SER =0; row (Le) mo 


+TER, = 0; Ne - 1001" (2) =0 


For disk D : 


SER = 0; m (5)- 


+TER =0 M (E) +4 -200+w* (3) =0 
Require Na = O foc Paz. Solving, 

Pa =210b Ans 

NM, =262b Ans 


Nc = 143 Ans 
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5-59, A man stands out at the end of the diving board, 
which is supported by two springs A and B, each having a 
stifíness of k = 15 kN/m. In the position shown the board 
is horizontal. If the man has a mass of 40 kg, determine the 
angle of tilt which the board makes with the horizontal after 
he jumps off. Neglect the weight of the board and assume it 
is rigid. 


Equations of Equilibrium : The spring force ar A and B can be obtained 
direcdy by summing moments about points B and A, respectively. 


(+ 1M, =0; — E,(1)-392.4(3)=0  F,=1177.2N 


(+ IM, =0;  E(1)-392.4(4)=0  F =1569.6N y 
40(98:)=3924 N 


F 
Spring Formula: Applying A = rá we have 


1177.2 1569.6 


A 50) 007848 m A 06m 


Geometry : The angle of últ a is 


0. 10464 + 0.07848 


a=un"( 7 )> 10,4? 


Tm 
A,=0-07848m  (0.10964+0:07648)m 
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*5-60. The uniform rod has a length / and weight W. It is 
supported at one end A by a smooth wall and the other end 
by a cord of length s which is attached to the wall as 
shown. Show that for equilibrium it is required that 
h = [(s? — 2/32 


Equations of Equilibrium : The tension in the cable can be 
obtained directly by summing moments about point A . 
(zm, =0;  Tsing(D-Wsin e(3)=0 
A Wsin O 


2sin $ 


Wsin O 
2sin $ 


Using the result 7 = 


Wsin 9 
+ TEE =0; Ti 
sin 6cos (9- f) - 2sin $ =0 103) 


Geometry : Applying the sine law with sin (180? - 0) = sin 0, we have 


sin$ _ sinó dada old [2] 
h s s 


Substituting Eq.(2] into [1] yields 


2h 
cos (6-p) ira 


Using the cosine law, 


P=h+s -2hscos (9-p) 
+A 


cos (9-4) = Ta 


Equating Eqs.(3] and [4] yietds 
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e5-61. If spring BC is unstretched with 9 = 0” and the bell 
crank achieves its equilibrium position when 0 = 15%, 
determine the force F applied perpendicular to segment 
AD and the horizontal and vertical components of reaction 
at pin A. Spring BC remains in the horizontal postion at all 
times due to the roller at C. 


Spring Force Formula: From the geometry shown in Fig. a, the stretch of spring 
BC when the bell crank rotates O = 15? about point A is x = 0.3 00830? — 0.3c0s 45 
= 0.04768 m. Thus, the force developed in spring BC is given by 


Fsp = kx= 2000(0.04768) = 95.35 N 


Equations of Equilibrium: From the free - body diagram of the bell crank, Fig. b, 
Fcan be obtained by writing the moment equation of equilibrium about point A. 


fu A=0; 95.35 sin45" (300) — F(400)= 0 
F =50.57N =50.6 N Ans. 


Using the above result and writing the force equations of equilibrium along the x and y 


Ay - 50.57sin15"-95.35=0 
Ay =108.44 N =108N 

Ay - 50.5700815"=0 

Ay = 48.84 N =48.8 N 
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5-62. The thin rod of length / is supported by the smooth 
tube. Determine the distance a needed for equilibrium if 
the applied load is P. 


2r 


yr + al 


N-P=0 


2r 


Eo rl li ar 
4r? +4 a? 


4r 1 
O rr 


4r? 4 gl 


4r ls (47? 2? 
r + a?) 


1 
(sr? y? = 4r* +a? 


a =V4rof an 
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5-63. The cart supports the uniform crate having a mass of 
85 kg. Determine the vertical reactions on the three casters 
at A, B, and C. The caster at B is not shown. Neglect the 
mass of the cart. 


Equations of Equilibrium : The normal reaction N¿can be obtained 
directly by summing moments about x axis. 


IM, =0; — Nc(1.3)-833.85(0.45) =0 
N¿ = 288.64 N = 289 N 


IM, =0;  833.85(0.3) -288.64(0.35) - N, (0.7) =0 
N, =213.04N =213 N Ans 


ZE =0;  Ny+288.64+213.04- 833.85 =0 
Na =332N 
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*5-64. The pole for a power line is subjected to the two 
cable forces of 60 lb, each force lying in a plane parallel to 
the x—y plane. If the tension in the guy wire AB is 80 lb, 
determine the x, y, z components of reaction at the fixed 
base of the pole, O. 


Equations of Equilibrium : 


ER =0; 0, +60sin 45” - 60sin 45 = 0 
0, =0 


O, +60cos 45" + 60c0s 45" =0 
O, =-84,9 lb 


0,-80=0 0 =80.01b 


(Mo), +80(3) - 2[60cos 45"(14)] =0 
(Mo), = 943 lb- ft 


(Mo), + Ó0sin 45" (14) - 60sin 459 (14) =0 
(Mo), =0 


(Mo), + 60sin 45" (1) - 60sin 45*(1) =0 
(Mo), =0 
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e5-65. IfP =6kN,x = 0.75m and y = 1 m, determine 


the tension developed in cables AB, CD, and EF. Neglect 
the weight of the plate. 


Equations of Equilibrium: From the free - body diagram, Fig. a, Tp and TeF 


can be obtained by writing the moment equation of equilibrium about the xand 
yaxes, respectively. 


2M,=0, ip WH-6D=0 
Tep = 3KN 
EM, =0; Ter (2)-6(0.75)=0 
TeF = 2.25kN Ans. 
Using the above results and writing the force equation of equilibrium along the zaxis, 


EF, =0;, Typ +3+2.25-6=0 
Tag = 0.75kN 
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5-66. Determine the location x and y of the point of 
application of force P so that the tension developed in 
cables AB, CD, and EF'is the same. Neglect the weight of 
the plate. 


Equations of Equilibrium: From the free - body diagram of the plate, Fig. a, 
and writing the moment equations of equilibrium about the x' and y” axes, 


EM ,' =0; N2-y)-2NMy)=0 
y = 0.667 m 
2Nx)-MQ-x)=0 
x= 0.667 m 
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5-67. Due to an unequal distribution of fuel in the wing 
tanks, the centers of gravity for the airplane fuselage A 
and wings B and C are located as shown. If these 
components have weights W, = 45 000 lb, Wz = 8000 lb, 
and W¿ = 6000 lb, determine the normal reactions of the 
wheels D, E, and Fon the ground. 


EM, =0; 8000(6) — Rp (14) - 6000 (8) + Rg (14) = 0 


EM, = 0; 8000(4) + 45000(7) + 6000 (4) - Re (27) = 0 


ER, =0; Rp +Rg + Ry — 8000 — 6000 — 45000 = 0 
Solving, 

Ro = 22.6 kip 

Re = 22.6 kip 

Rp = 13.7 kip 
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*5-68. Determine the magnitude of force F that must be 
exerted on the handle at C to hold the 75-kg crate in the 
position shown. Also, determine the components of reaction 
at the thrust bearing A and smooth journal bearing B. 


Equations of Equilibrium: From the free - body diagram, Fig. a, F, B¿, Az and 
Ay can be obtained by writing the moment equation of equilibrium about the y, x 


, 


and x' axes and the force equation of equilibrium along the yaxis. 


EM, = 0; —F(0.2)+75(9.81X0.1)= 0 
F = 367.875 N =368 N 
2M , = 0; B,¿(0.5+ 0.6) -75(9.81)(0.6)= 0 
B, = 401.32N = 401 N 
—A ¿(0.6 +0.5)+ 75(9.8D(0.5) = 0 
A, = 334,43 N = 334 N 
EF, =0; A, =0 Ans, 
Using the result F= 367.875 N and writing the moment equations of equilibrium about 
the zand z' axes, 


EM, = 0; —B,(0.5+0.6)- 367.875(0.2+ 0.1+0.5+0.6) = 0 
B, = -468.20N =-468 N 

EM / =0; Ax (0.6+ 0.5) 367.875(0.2+0.1)= 0 
Ay =100.33N =100N 


The negative signs indicate that B , act in the opposite sense to that shown on the free- body 
diagram. 
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e5-69. The shaft is supported by three smooth journal 
bearings at A, B, and C. Determine the components of 
reaction at these bearings. 


Equations of Equilibrium: From the free - body diagram, Fig. a, C, and C, can be obtained by 
writing the force equation of equilibrium along the y axis and the moment equation of equilibrium 
about the y axis. 


ER, =0; C,y-450=0 
Cy = 450N 

IM, = 0; C¿(0.9+0.9)— 900.9) +600(0.6) = 0 
C, = 250 N 


Using the above results 


EM, = 0; B¿(0.9+ 0.9) +250(0.9 +0.9 +0.9)+ 450(0.6) — 900(0.9+ 0.9+ 0.9) —600(0.9) = 0 
B, =1125 N =1.125kN Ans. 
1M y: =0; 600(0.9) + 450(0.6)— 900(0.9) +250(0.9)— A¿(0.9+ 0.9)= 0 
A, =125N Ans. 


EM, = 0; —B,(0.9+0.9)+ 500(0.9)+450(0.9) — 450(0.9+0.9)= 0 
B,=25N 

EF, =0; A,+25-500=0 
A, =475N 
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5-70. Determine the tension in cables BD and CD and 
the x, y, z components of reaction at the ball-and-socket 
joint at A. 


(-1i+15j+3k)m; rap = 3.50m 


= - 0.2857 Tpp i + 0.4286 Tpp | + 0.8571 Tap k 


12) = — 0.2857 Ten 1 — 0.4286 Top Y + 0.8571 Top k 
CD 


*Thus, using the components of zp and Zep, the scalar equations of equilibrium become : 
EF, = 0; A.- 0.2857 Tap - 0.2857 Tep = 0 

ER =0; A +0.4286 Tp - 0.4286 Top = 0 

EF, =0; A+0.8571 Tap + 0.8571 Tp - 900= 0 

EMaz = 0; - (0.8571 Tzp) (1.5) + (0.8571 Top) (1.5) = 0 

EM, = 0; 300(1) — (0.8571 Tap) (1.5) — (0.8571 Ten) (1.5) = 0 

Solving 

Tao = Tep = 117N 

A =66.7N Ans 

4 =0 Ans 


A =100N Ans 
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5-71. The rod assembly is used to support the 250-1b cylinder. 
Determine the components of reaction at the ball-and- 
socket joint A, the smooth journal bearing £, and the force 
developed along rod CD. The connections at C and D are 
ball-and-socket joints. 


Equations of Equilibrium: Since rod CDis a two - force member, it exerts a force Fpc directed along 
its axis as defined byu pc on rod BC, Fig. a. Expressing each of the forces indicated on the free - body 
diagram in Cartesian vector form, 


Fa = Ari+Ayj+ Ak 


Fg = Exi+ Ek 
W =[-250k] lb 
Foc = -FpcKk 
Applying the force equation of equilibrium 
T =0 Fa +Fg +Fpc +W=0 
(Ari+ Ayj+ A¿K)+(E,1+ E¿k)+(—Fpc Kk)+ (-250k) = 0 
(A, + E)i+(A,)j+(4,+ E, —Foc )k =0 
Equating i, j, and kcomponents, 
A +E,=0 (1) 
A,y=0 (2) 
A¿ + E, — Fpc -250=0 (6) 
In order to apply the moment equation of equilibrium about point A, the position vectors r4C , TAE, and ra, 
Fig. a, must be determined first. 
rac = Eli+15ft 
Faz =[2jjft 
rar =[1.54+3j]ft 
Thus, 
Ma =0; (Tac XFnc )+ (taz XFg)+(rar xW)=0 
Cli+ 13) x FpcKk )+(25)x(Eri+ E¿k)+(1.5i+ 3) x (250k) = 0 
(=Fpc +2E, -750)i+ (375 -=Fpc )i+(-2E, )k =0 
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Equating i, j, and kcomponents, 
=Fpc +2E,-750=0 

375-— Fpc =0 

2E, =0 

Solving Eqs. (1) through (6), yields 


Foc =3751b 


A, =62.51b 


W=Z50 Ib 
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*5-72. Determine the components of reaction acting at the 
smooth journal bearings A, B, and C. 


Equations of Equilibrium: From the free - body diagram of the shaft, Fig. a, C, and 
C can be obtained by writing the force equation of equilibrium along the y axis and the 
moment equation of equilibrium about the yaxis. 


EF, =0; 450008 45" + C, =0 
C;, = 318.20N = 318N 
EM, = 0; C¿(0.6)- 300=0 
C, = 500 N Ans. 


Using the above results and writing the moment equations of equilibrium about the x and z axes, 


EM, = 0; B¿(0.8)- 450005 45%0.4)-450sin45”(0.8+ 0.4) + (318.20 X0.4)+ 500(0.8 +0.4)= 0 
B, =-272.70N =-273N Ans. 

EM, =0; -B,(0.8)-(-318.20X0.6)= 0 
B, = 238.65 N =239N Ans. 


Finally, using the above results and writing the force equations of equilibrium along the xand yaxes, 


EF, =0; A, +238.5=0 
Ay =-238.65N =-239N Ans. 
EF, =0; A? —(-272.70)+500 -4SOsin45” = 0 
A, = 90.90 N =90.9N Ans. 


The negative signs indicate that Cy, B, and A, act in the opposite sense of that shown on the free - body 
diagram. 
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e5-73. Determine the force components acting on the ball- 
and-socket at A, the reaction at the roller B and the tension 
on the cord CD needed for equilibrium of the quarter 
circular plate. 


Equations of Equilibrium : The normal reaction N, and A, can be 
obtained directly by summing moments about the x and y axes respectively. 


EM, =0;  Ng(3)-200(3) - 200(3sin 60”) = 0 
Ny =373.21N =373N Ans 


350(2) + 200(3c0s 60”) —A, (3) =0 
A, =333.33 N =333N 


Tep +373.21+333.33 350200200 =0 
Tep = 43.5 N 
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5-74. If the load has a weight of 200 lb, determine the x, y, 
z components of reaction at the ball-and-socket joint A and 
the tension in each of the wires. 


Equations of Equilibrium: Expressing the forces indicated on the free - body diagram, Fig. a, in Cartesian 
vector form, 


Fa = Ari+Ayj+ A¿k 
W =[-200k] Ib 
Fgp = Fgpk 


(4- 4)i+(0-4)j+(3— 0)k -( 4 


Fo =Fo%o = Ko ros irak) 
(4-4) +(0- 4) +(3- 07 , 


5 
F py = Fipk 

Applying the force equation of equilibrium, 

TF=0 F¿+Fao+Fog +Fep + W=0 


(Ayi+ Ayj+ A¿k)+Fap ke (-Lrops+ “rok) er +(-200k) = 0 


(4.)i+(4y - fo paa. + Fp +25 yy FeF -200 e =0 


Equating i, j, and k components, 


A,=0 (1) 
A £n =0 2, 
yO DE (2) 
A, + Fap += Fco + Fer —200=0 (3 


In order to write the moment equation of equilibrium about point A, the position vectors F4g , FAG > TAC, and 
TAg Must be determined first, 


rag = Hi)ft 

raG =[4i+2j]ft 
Trac =[4i+4j)ft 
Tag = Ri+4j]ft 
Thus, 


Ma =0; (rag xFgp)+(rac XFcp )+(raz xFer )+(5r4G x W)=0 
(Ax (Faok)+(1+49)x|-Erooi+]Rok ) + (2i+4x(Fark)+ (ai 25) x (200k) 


(Leo +4 FEF 400) 4 -HEo - 2 Fer +800)i+(-Lrp je- 0 
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Equating i, j, and k components, 


Fay + Fer -400=0 


AFp - Fa — 2Fgp + 800= 0 


16 
- Fey =0 
5 CD 


Solving Eqs. (1) through (6), 


Rp =0 Ans. 
FgF = 10016 Ans. 
Fgp =1501b Ans. 
A,=0 Ans. 
Ay=0 Ans. 
A, =1001b Ans. 


The negative signs indicate that A, acts in the opposite sense to that on the 
free - body diagram. 
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5-75. If the cable can be subjected to a maximum tension 
of 300 lb, determine the maximum force F which may be 
applied to the plate. Compute the x, y z components of 
reaction at the hinge A for this loading. 


EM, =0; 3(F) - 300 (9) = 0 
F = 90lb Ans 
EF, =0; A.=0  Anms 
EF, =0; A =0 Ans 
EF, =0; -W0+300+A4 =0; A =600lb  Ans 
Mp = 0; Mu + 90(1)-3(300)=0; Mi =0  Ans 


EM. =0: Mi =0  Ans 


*5-76. The member is supported by a pin at A and a cable 
BC. If the load at D is 300 lb, determine the x, y, z 
components of reaction at the pin A and the tension in 
cable B C. 


he -mepzi— 519 an 


May 
EE, =0, A+ (5)c =0 


4 e 
4.- 300 + (5)2c = 0 

- 30006) + (5)%c (9 =0 
Mi, - 3000) + (F)mc (0 =0 


EM, =0; Mu - (5)me (0) + (F)me (9 =0 


Solving, 
The = 1.05 kip 
= - 450 lb 


= 900 Ib 
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*5-77. The plate has a weight of W with center of gravity at 
G. Determine the distance d along line GH where the 
vertical force P =0.75W will cause the tension in wire CD to 
become zero. 


Equations of Equilibrium: From the free - body diagram, Fig. a, 


2M,=0; OS 075 $ - d0os as) 0 


TeF L -—0.875WL +0.5303Wd = 0 


0.75W(dsin45*) — TF (2) =0 


1.0607Wd — Ter L = 0 
Solving Eqs. (1) and (2) yields 


d =0.550L 
Tar = 0.583W 
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5-78. The plate has a weight of W with center of gravity at 
G. Determine the tension developed in wires AB, CD, and 
EFif the force P = 0.75W is applied at d = L/2. 


Equations of Equilibrium: From the free - body diagram, Fig. a, Tpg can be 
obtained by writing the moment equation of equilibrium about the x'axis. 
2M y =0; 075] 74 zonas]. 5) )=0 


Tag =1.1402 W =1.14 W Ans. 


Using the above result and writing the moment equations of equilibrium about the 
yand y'axes, 


EM, =0; 93) 07505 + Gin as] - 1140215) —TEF(L)= 0 


Ter = 0.570 W 


L L AS 
Top y 1100 E) wz) 075 [5 Ganas |- 0 


Ten = 0.0398 W Ans. 
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5-79. The boom is supported by a ball-and-socket joint at 4 
and a guy wire at B. If the 5-kN loads lie in a plane which is 
parallel to the x-y plane, determine the x, y, z components of 
reaction at A and the tension in the cable at B. 


Eqguations of Equilibrium : 


EM, =0; — 2(Ssin30*(5)]-T,(1.5) =0 
Ta = 16.67 kN = 16.7 kN Ans 


EM, =0;  5cos 30*(5)- Scos 30"(5) = 0 (Statisfied!) 


ER =0; A, +500s 30” — 5$cos 30? = 0 
A, =0 


A, -2(Ssin 30%) = 0 
A, =5.00kN 


A,-16.67=0  A,=16.7kN 
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*5-80. The circular door has a weight of 55 lb and a center 
of gravity at G. Determine the x, y, z components of 
reaction at the hinge A and the force acting along strut CB 
needed to hold the door in equilibrium. Set 9 = 45". 


rca = 3sin45% 1 + (3 + 3cos45%)j + 6k 


= (2.1214+5.121)+6k)R 
rca = V(2.121)* +(5.121)+(6)* = 8.169 


2.121 
EF, =0; 53) = 
A+ rg) te =0 


5.121 
di G 195)tes y 


A = -114b Ans 


A = - 27.5 Ib Ans 


A 55 + (¿feo = 0 A =228D Ans 


a 6 ) 
IM, 20; My - (5) sins» 20; Mp =683lb-ft  Ans 


6 
- 553) + (5) (3 + 3005 45) = 0 


2.121 
Fca = 439lb Ans 4 20 Ma - Sesa + 3cos 45) + Ejes (3 sin 45%) 


20 
Mu =0 Ans 
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e5-81. The circular door has a weight of 55 lb and a center 
of gravity at G. Determine the x, y, z components of 
reaction at the hinge A and the force acting along strut CB 
needed to hold the door in equilibrium. Set 9 = 90*. 


Fca = (31+3j+6k)f 


rca = (3) +(3) +(6)* = /54 
A, + (35) =0 
/ss 


rol 
( 


A-55+ Jz)ra=o 
s4 jasa 20 My =165lb-£k  Ans 


- 55 (3) + [jr G)=0 3 3 
== |(67.36) (3) + | — |(67.36) (3) = 0 


Fcg = 67.367. 67.4 bh Ans 
Mu =0 Ans 
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5-82. Member AB is supported at B by a cable and at A by 
a smooth fixed square rod which fits loosely through the 
square hole of the collar. If F = (20i — 40j — 75k) lb, 
determine the x, y, z components of reaction at A and the 
tension in the cable. 


ia - hol d+ Ser 


14 1 


EF, =0; A +20- Tre =0 


A, 404 Efe = 0 


6 
-15+ LF 20 
qn 


Fac =1751b 
A = 1301b 


A = -10lb 

al 1751(4) + Mu =0 

14 

Maz = -300 Ib-ft Ans 


75(12) - Lara 12) + Ma =0 


My =0 Ans F= $20;- 4oj -J5k$ Ib 


-40(12) + Taro d = 175)(12) + Mu =0 


Mu = -7201b-R Ans 
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5-83. Member AB is supported at B by a cable and at A by 
a smooth fixed square rod which fits loosely through the 
square hole of the collar. Determine the tension in cable BC 
if the force F = (—45k) lb. 


12 
Fac = - Frei 
add 


6 a 
EF. =0; —Far -4= 
3 mida 4=0 


Fec = 105 lb 
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*5-84. Determine the largest weight of the oil drum that 
the floor crane can support without overturning. Also, what 
are the vertical reactions at the smooth wheels 4, B, and C 
for this case. The floor crane has a weight of 300 lb, with its 
center of gravity located at G. 


Equations of Equilibrium: The floor crane has a tendency to overturn about the y” 
axis, as shown on the free - body diagram in Fig. a. When the crane is about to overtum, 
the wheel at C loses contact with the ground. Thus 

Nc=0 


Applying the moment equation of equilibrium about the y” axis, 


1M y: =0; W(1000830* — 2- 4)—300(4) = 0 
W = 451.08 1b =451 lb Ans. 


Using this result and writing the moment equation of equilibrium about the xaxis 
and the force equation of equilibrium along the zaxis, 


EM, =0; Np(2.5)-NA(2.5)=0 
EF, =0; Na +Ng- 300- 451.08=0 


Solving Eqs. (1) and (2), yields 
Na =N p = 375.54 1b = 376 lb 


391 


5 Solutions 44918 1/23/09 5:12 PM Page 392 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e5-85. The circular plate has a weight W and center of 
gravity at its center. If it is supported by three vertical cords 
tied to its edge, determine the largest distance d from the 
center to where any vertical force P can be applied so as not 
to cause the force in any one of the cables to become zero. 


Assume T, = Tp =0 
Mea = 0; Telr + rcos 60%) - W(rcos 60”) - P (d + rcos 60”) = 0 
IF, =0 Te-W-P=0 


Eliminating T¿ we get 


Wr+Pr-Pd=x=0 


d=r(1+5) 


Assume Tz = 0 


EMo-. = 0; W (r cos 60%) - P (d') = 0 
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5-86. Solve Prob. 5-85 if the plate's weight W is neglected. 


ns, 


Assume 7, = 7, =0 
IM. = 0; Te(r +r cos 60”) - P(d+r cos 607) = 0 
ER, =0,  Te-P=0 
dar 
Assume 7¿ =0: 


EM. = 0; P(d)=0 
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5-87. A uniform square table having a weight W and sides 
ais supported by three vertical legs. Determine the smallest 
vertical force P that can be applied to its top that will cause 
1t to tip over. 


de E) sin 26.565* = 0.2236 < 5 


d' =asin 26.565" = 0.4472 a 
For Pain, put P at the corner as shown. 
Msc = 0, W(0.2236 a) - P (0.4472 a) = 0 


P=0.5W Ans 
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*5-88. Determine the horizontal and vertical components 
of reaction at the pin A and the force in the cable BC. 
Neglect the thickness of the members. 


Fac cos30"(7) - 450(1.5) - 100(4.5) =0 


Fac = 185.58 N = 186 N 


5 ER, =0;  A-185.58cos30”=0 A=161N 


+TEFR, =0; A, +185.58 sin30”-450-100=0 


A, =457N 
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e5-89. Determine the horizontal and vertical components 
of reaction at the pin A and the reaction at the roller B 
required to support the truss. Set F = 600 N. 


Equations of Equilibrium : The normal reaction N, can be obtained 
directly by summing moments about point A. 


( EM, =0;  600(6)+600(4) +600(2) - Ny cos 45%(2) =0 
N¿ = 5091.17 N = 5.09 kN Ans 


5 ER =0; A, -5091.17c0s 45% =0 
A, = 3600 N = 3.60 kN 


+TER =0; — 5091.17sin 45” -3(600)-A, =0 
A, = 1800 N = 1.80 kN 


5-90. If the roller at B can sustain a maximum load of 
3 kN, determine the largest magnitude of each of the three 
forces F that can be supported by the truss. 


Equations of Equilibrium : The unknowns A, and A, can be eliminated 
by summing moments about point A. 


(+ EM, =0;  F(6)+F(4)+F(2) - 3cos 45*(2) =0 
F=0.3536 kN = 354N 


396 


5 Solutions 44918 1/23/09 5:12 PM Page 397 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


5-91. Determine the normal reaction at the roller A and 
horizontal and vertical components at pin B for equilibrium 
of the member. 


Equasions of Equilibrium : The normal reaction N, can be obtained 
directly by summing moments about point B. 


G EM, =0;  10(0.6+1.2cos 60%) +6(0.4) 
=N, (1.2+ 1.2cos 60%) =0 


N, =8.00 kN 


5 ER =0; B,-6c0s30'=0 B,=5.20kN 


+TER =0;  B,+8.00-6sin 30-10=0 
B, = 5.00 kN 
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*5-92. The shaft assembly is supported by two smooth 
journal bearings A and B and a short link DC. If a couple 
moment is applied to the shaft as shown, determine the 
components of force reaction at the journal bearings and the 
force in the link. The link lies in a plane parallel to the y=z 
plane and the bearings are properly aligned on the shaft. 


IM, =0;  -250 + Ezp cos20%(0.25 cos30%) + Rep sin20%(0.25 sin30%) = 0 
Fay = 101543 N = 1.02 EN Ans 
(Mp), = 0;  —4A,(0.7) — 1015.43 sin20%(0.42) = 0 
A, =-208.38 = —208N Ans 
208.38 + 1015.43 sin20” + B, = 0 
B, = -139N Ans 
A,(0.7) — 1015.43 cos20"(0.42) = 0 
A, = 572.51 =573N Ans 


572.51 — 101543 cos20* + B, =0 


B, = 382 N Ans 


0-25C0S30'm 
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.e5-93. Determine the reactions at the supports A and B of 
the frame. 


(¿2 =0, — 5(14)+7(6)+0.5(6) -2(6) -A,(14) =0 


A, = 7.357 kip = 7.36 kip 
> 1F,=0;  B,-05=0 B, =0.5 kip 
+TER =0;  B,+7.357-5-7-10-230 


B, = 16.6 kip 
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5-94. A skeletal diagram of the lower leg is shown in the 
lower figure. Here it can be noted that this portion of the leg 
is lifted by the quadriceps muscle attached to the hip at A 
and to the patella bone at B. This bone slides freely over 
cartilage at the knee joint. The quadriceps is further 
extended and attached to the tibia at C. Using the 
mechanical system shown in the upper figure to model the 
lower leg, determine the tension in the quadriceps at C and 
the magnitude of the resultant force at the femur (pin), D, 
in order to hold the lower leg in the position shown. The 
lower leg has a mass of 3.2 kg and a mass center at G;; the 
foot has a mass of 1.6 kg and a mass center at G». 


Tsin 18.4375) -3.2(9.81)(425sin75”) 


- 1,6(9.81)(725sin75") = 0 


Ta 1006.82 N = 1.01 kN Anos 
D, + 1006.82 sin 33.43” - 3.2(9.81) - 1.6(9.81) = 0 


D, =-507.66 N 


> HR =0;  D,-1006.82 cos 33.43% 20 


D, = 340.20 N 


Fp = /DF+DF = y (-507.66)? + 840.20? = 982 N 
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5-95. A vertical force of 80 lb acts on the crankshaft. 
Determine the horizontal equilibrium force P that must be 
applied to the handle and the x, y, z components of force at 
the smooth journal bearing A and the thrust bearing B. The 
bearings are properly aligned and exert only force reactions 
on the shaft. 


IM, =0;  P(8)-80(10) =0 P=100 lb 
IM,=0;  B,(28)-80(14) =0 B, =401b 
EM =0;  —B,(28)-100(10)=0  B,=-35.71b 


'EFa=0;, A +(-35.7)-100=0  A,=1361b 


ZE =0; B,=0 Ans 


ER =0; A. +40-80=0 A, =401b Ans 


Negative sign indicates that B, acts in the opposite sense to that shown on the FBD. 
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*5-96. The symmetrical shelf is subjected to a uniform 
load of 4 kPa. Support is provided by a bolt (or pin) located 
at each end A and A' and by the symmetrical brace arms, 
which bear against the smooth wall on both sides at B and 
B', Determine the force resisted by each bolt at the wall 
and the normal force at B for equilibrium. 


Equations of Equilibrium : Each shelf s post at its end supports half 

of the applied load, ie, 4000(0.2) (0.75) = 600 N.The normal reaction N¿ 

can be obtained directly by summing moments about point A. 

FOCO: 179) b00CN 


(+ 2mM,=0;  M5(0.15)-600(0.1)=0  NM¿=400N  Ans 


A, = 400N 
A,-600=0 A, =600N 
The force resisted by the bolt ar Á is 


E, = YAT+A] = /00+ 6007 =721 N 
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e6-1. Determine the force in each member of the truss, 
and state if the members are in tension or compression. 


Method of Joints: We will begin by analyzing the equilibrium of joint D, and then proceed to 
analyze joints C and D. 


Joint D: From geometry, 0 = w1(2)- 26.57”. Thus, from the free - body diagram in Fig. a, 


LER, =0 600 — Fpc sin26.57* =0 
Foc =1341.64 N =1.34kN (C) 
+ TER, =0; 1341.6400s 26.57" — Fpg =0 


Fpg = 1200N =1.20kN (T) 


Ans. 


Joint C; From the free - body diagram in Fig. b, 
+A YE: =0; —Feg 0826.57” =0 
Fgz =0 
AN IR/ =0; Feg — 1341.64 =0 


Faz = 1341.64 N =1.34 kN (C) 


Joint E: From the free - body diagram in Fig. c, 
BER, =0 900 — Fgg sin45”= 0 

Feg =1272.79N =1.27 kN (C) Ans, 
+ 1 ER, =0; 1200+ 1272.79008 45" — Fgg =0 


Fea = 2100N =2.10kN (T) Ans. 


Note The equilibrium analysis of joint A can be used to determine the components of support reaction 
aítA. 
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6-2. The truss, used to support a balcony, is subjected to 
the loading shown. Approximate each joint as a pin and 
determine the force in each member. State whether the 
members are in tension or compression. Set P, = 600 1b, 
P, = 400 1b. 


Epsin45* — 600= 0 
Ep = 848.528 = 849 lb (C) 
Ep — 848.528c0845" = 0 


Faz = 600 1b (T) 


Fap - 400= 0 
Esp = 00 1 (C) 
Fac — 600 =0 


Fac = 600 1b (T) 


Foc sin45” — 400 — 848.528sin45” = 0 
Foc = 1414.214 lb = 1.41 kip (T) Ans 


848.5280045" + 1414.214c0545" — Eg = 0 


Fog = 1600 lb = 1.60 kip (C) Ans 


400 lb 
848.528 lb 
po 


O 
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6-3. The truss, used to support a balcony, is subjected to 
the loading shown. Approximate each joint as a pin and 
determine the force in each member. State whether the 
members are in tension or compression. Set P, = 800 1b, 
P,=0. 


E,psin45* — 800= 0 
Ep =11314 lb = 1.13 kip (C) 
Fig - 1131.4c0845" = 


Fis = 800.1b (T) 


Ec sin45* — O — 1131.4sin45” = 0 


foc = 1131.4 1b = 1,13 kip (T) Ans 


1131.4c0845* + 1131.4c0845* — Ey = 


Fog = 1600 1b = 1.60 kip (C)  Ans 
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*6-4. Determine the force in each member of the truss 
and state if the members are in tension or compression. 
Assume each joint as a pin. Set P =4 kN. 


Method of Joints : In this case, the support reactions are not required for 
determining the member forces. 


Joint A 


1 
+TER=0; E, [7)-«-0 


Fig = 8.944 kN (C) = 8.94 kN (C) 


os 2 
S ER =0; ha-890(7)=0 
ys 


Esa = 8.00KN (T) 
Joint B 
SIR =0, Bc-8.00=0 Fic =8.00kN (T) 
+TER=0; Fip-8=0  Fig=8.00KN(C) 
Joint E 


HXE. =0; — Fipcos 36.87 -8.00cos 26.57 =0 
Fac = 8.944 kN (T) =8.94kN (T) — Ans 


MER. =0; — 8.944+8.00sin 26.57* + 8.944sin 36.87* — Fig =0 
Fip = 17.89 kN (C)=17.9kN (C)  Ans 


Joint D 


+ TER =0; fc-1188 7-0 Foc =8.00kN (T) Ans 


Y 


1 2 
> EF, =0; 0.19 7)-0 D, = 16.0 kN 


Note : The support reactions C, and C, can be determined by analysing 
Joint C using the results obtained above, 
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*6-5. Assume that each member of the truss is made of steel 
having a mass per length of 4 kg/m. Set P = 0, determine the 
force in each member, and indicate if the members are in 
tension or compression. Neglect the weight of the gusset plates 
and assume each joint is a pin. Solve the problem by assuming 
the weight of each member can be represented as a vertical 
force, half of which is applied at the end of each member. 


Joint Forces : 


E = «0s0[5 el = 166.22 N 


Fa = 4(9.81)(2+2+1) = 196.2 N 


E= «00: “(] = 302.47 N 


B= «om(2=22) = 166.22 N 


Method of Joints : In this case, the support reactions are not required for 
determining the member forces. 


Joint A 


1 
+ TER =0; te J)- 166.22 =0 
Y5 


F,g = 371.69 N(C) =372N (C) 


Es mozos 


Fis = 332.45 N (T) =332 N (T) 


Joint B 


SIE =0, Ec-33245=0 Fc=332N (T) 


+TER=0;  Fig-1962=0 
Fag = 196.2 N (C) = 196N (C) 


Joint E 


4 ER. =0; — Feccos 36.87*-(196.2+302.47)c0s 26.57% =0 
Fac = 557.53 N (T)=5S8N (T)  Ans 


Nz =0;  371.69+(196.2+ 302.47) sin 26.57" 
+557.53sin 36.87% — Fep =0 
Fip = 929.22 N (C)=929N (C)  Anms 


Joint D: 


1 
+ TER, =0; 166.22 — 929.22 que + Fpc =0 
y 5 DC 


Ebc = 582N(T) 
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6-6. Determine the force in each member of the truss and 
state if the members are in tension or compression. Set 
P, = 2kN and P, = 1.5kN. 


Method of Joints : In this case, the support reactions are not required for 
desermining the member forces. 


Joint C 


+TER=0;  Fosin30”-1.5=0 
Fea = 3.00 kN(T) 


5 ER =0;  Fep-3.0000s 30? =0 
Fep = 2.598 kN (C) =2.60 kN (C) 


Joint D 


SEE =0; Fg-2598=0 Fg=260kN (C) 


+TER=0; Fp-2=0 Fg=200kN (T) 


Joint B 


Fi ¿cos 307 - 2.00cos 30? = 0 
Fag = 2.00 kN (C) 


(2.00+ 2.00) sin 30* +3.00— Fi, =0 
Ba = 5.00 KN (T) Ans 


Note : The support reactions at support A and E can be determined by 
analyzing Joints A and E respectively using the results obtained above. 
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6-7. Determine the force in each member of the truss and 
state if the members are in tension or compression. Set 
¡Pi = P, =4 kN. 


Method: of Joints : In this case, the support reactions are not required for 
determining the member forces. 


Joint C 


+TER =0;  Fegsin30”-4=0 
Fea = 8.00 kN(T) 


5 ER =0;  Fep-8.0000s 30 =0 
Fop = 6928 KN (C) = 6.93 kN (C) 


Joint D 
SER =0; Fa-698=0  Fpg=6.93 kN (C) 
Fp=6 928 EN 


+TER =0; Fog -4=0 Fog = 4.00 kN (T) 


Joint B 


VA EF.=0;  BEgcos 30” -4.00c0s 30” = 0 
Fog = 4.00 kN (C) 


NEEE. =0; — (4.00+4.00)sin 30+8.00-Fj, =0 
Fa = 12.0 KN (T) Ans 


Note : The support reactions at support Á and E can be determined by 
analyzing Joints A and E respectively using the results obtained above. 
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*6-8. Determine the force in each member of the truss, 
and state if the members are in tension or compression. Set 
P = 800 1b. 


Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
A=>F=>E=>B=2C. 
Joint A: From the free - body diagram in Fig. a, 
+ TER, =0; FaF sin45” -800=0 
Far =1131.37 lb=1131 1b (T) 
1131.3700845"”— Fyg =0 
Fag = 300 1b(C) 
Joint F: From the free - body diagram in Fig. b, 
+ TER, =0; Ffg 00845” — 1131.37005 45” — 500 = 0 
Frg = 1838.48 lb = 1838 1b (C) Ans. 
BER, =0 Frg — 1838.48sin45” — 1131.37sin 459= 0 
Frg = 2100 1b (T) Ans, 
Joint E: From the free - body diagram in Fig. c, 
4 ER, =0 Fep -2100=0 
Fgp = 2100 1b (T) 
+ TER, =0; Fgg =0 
Joint B: From the free - body diagram in Fig. d, 
+ TER, =0; Fgp sin45” — 1838.48 sin 45" = 0 
Fap = 1838.48 lb = 1838 1b (T) Ans, 


800 + 1838.48 00545” + 1838.48 008 45” — Fpr =0 
Fac = 3400 1b(C) Ans. 
Joint C: From the free - body diagram in Fig. e, 
+ TER, =0, Fep =0 


3 xr, =0; 3400 Nc =0 
Nc = 3400 Ib 
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*6-9. Remove the 500-lb force and then determine the 
greatest force P that can be applied to the truss so that none 
of the members are subjected to a force exceeding either 
800 lb in tension or 600 lb in compression. 


Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
A>F>E>B>C. 
Joint A: From the free - body diagram in Fig. a, 
+ TER, =0; Fa sin45*-P=0 
Far =1.4142P (T) 
1.4142P00s 45 —Fag =0 
Fag =P(C) 
Joint F: From the free - body diagram in Fig. b, 
+ TER, =0; Fig 00845" — 1.4142P 00845" = 0 
Frg =1.4142P (C) 
FE — 1.4142P sin45? — 1.4142P sin45* = 0 
Frg =2P(T) 
Joint E: From the free - body diagram in Fig. c, 
Er, =0 Fep -2P =0 
Fgp = 2P (1) 
+ TER, =0; Fig =0 
Joint B: From the free - body diagram in Fig. d, 
Fp sin45? — 1.4142 Psin45* =0 
Fap = 1.4142P (T) 
P+1.4142P c0s45* + 1.4142P 00845” — Fgr =0 
Fac =3P(C) 
Joint C: From the free - body diagram in Fig. e, 
HF, =0 3P-NCc =0 
Nc =3P 
+7 EF, =0; Fo =0 


From the above results, the greatest compressive and tensile forces developed in the member are 3P 
and 2P, respectively. 

2P = 800 lb P = 400 lb 

3P = 600 lb P = 200 lb (controls) Ans. 


4 
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6-10. Determine the force in each member of the truss 
and state if the members are in tension or compression. Set 
P, = 800 lb, Pz = 0. 


Joimt B : 

yz, =0; Frig =0 

LF, = 0, For =Fac 

JoimG: 

+TER =0; Fegsin0=0 
Fcg =0 

SER =0 Fig=0 


Joint C: 


SER =0 ¿me- ¿Feo =0 


+TER, 20; (Pac) + 3 (Feo) - 800 =0 


Fac = Fey = 667 b(C) 


Due to symmerry : 

For =Fag= 0 Ans 

Fcp =Fcg 20 — Ans 
Fw=Fc6=0  Ans 

Ela = Fog = 6671b(C) Am 


Fac = Fco = 667 lb (C) Ans 
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6-11. Determine the force in each member of the truss 
and state if the members are in tension or compression. Set 
P, = 600 lb, P, = 400 1b. 


Joint B : 
"EF, =0; Foc =0 Anr 


+PIF, = 0; Fac = Fon 


Joint G: 
+TER, =0; Focsin0 =0 


Fac =0 Ans 


SER =0; Fa =0  Ans 


Joim D : 


ÁLE, =0 For-foc=0 


Foz = Foc 

+PLF, = 0; Fop- 40020 
For = 400 lb (C) Ans 

Joimt F: 

+YER, =0; Fpgsin$3.13* — Fig sin 53.13% = 0 
Fr = Frec 

+AZF, = 0; 2Fc0s 53.13” - 400 = 0 


Frc = Fig 2333.33 3 333 b(T) Ans 


Joint C: 

5 EF, =0; Fac cos 36.87% — Fog cos 36.87" + 333,33 cos 73,74" = 0 

+ TER, =0; Fac sin36.87% + Foc sin 36.87% - 600 — 333.33 sin 73.74% a 0 
Fac = Fan = 7081b(C)  Ans 


Foc = Fog = 825 1b(C) Ans 
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*6-12. Determine the force in each member of the truss 


and state if the members are in tension or compression. Set 
P, = 240 1b, P, = 100 1b. 


Joint D: 
P 
+ TER, =0; ao (5) - 100 = 0 
Fap = 2601b(C)  Ans 
. 2 
SER 20; 240 — Feo + 260(13) = 0 


Fep = 4801D(T)  Ans 


Fac =0 Ans 


Fa =0 Ans 


5 
F - 260 (5) 0 
e E á 


Fac = 100 bh (T) Ans 
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*6-13. Determine the largest load P, that can be applied 
to the truss so that the force in any member does not exceed 
500 lb (T) or 350 lb (C). Take P, = 0. 


JoimA: 
+TEFR, =0; Ficsin9 =0 
Fac =0 


SER, =0; Fi =0 


Maximum tension member is DC : 
- Pi + Fog sin 22.62% = 0 500 = 2.40 P, 


Fos = 2.60 P, (C) P, = 208 1b 


2.60 P, cos 22.62” - Fpc = 0 Maximum compression member is DB : 


Foc = 2.40 A (T) 350 = 2.60 A 
P = 1351b 


Thus member DB reaches the critical value first. 


Fac - 2.60 P, sin 22.62” = 0 
P, =135b  Ans 


fic = RM 
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6-14. Determine the force in each member of the truss, 1200 lb P 1200 lb 


—4 ft |-4 ft 7 4 ft 
D (9) 


and state if the members are in tension or compression. Set 
P = 2500 lb. pe h= 


Support Reactions: Applying the moment equation of equilibrium about point A to the 
free - body diagram of the truss, Fig. a, 
(¿Ma =0; Ng (8 +8)-1200(8 +8)- 25008)= 0 
Ng = 2450 lb 


Method of Joints: We will begin by analyzing the equilibrium of joint B, and then that of 
joints C and G. 
Joint B: From the free - body diagram in Fig. b, 
5 xr, =0 Fag =0 
+ TER, =0; 2450 — Fac =0 
Fac = 2450 1b(C) 
Joint C: From the free - body diagram in Fig. c, 
+ TER, =0; 2450 — 1200— Rog sin45* =0 
Fo =1767.77 lb =1768 lb (T) 
HER, =0, Fay -1767.7700545* =0 
Fo = 1250 1b (C) 
Joint G: From the free - body diagram in Fig. d, 
+ TER, =0; 1767.7700s45" — Fgpcos45” =0 
Fap =1767.77 lb =1768 Ib(C) 
1767.778in45* + 1767.77sin45* — Fgp =0 
FoF = 2500 lb (T) 


Due to the symmetry of the system and the loading, 
Faz = Fac = 2450 1b(C) 

Far = FG =0 

Fep = Rip = 12501b(C) 

FEF = Fog =1767.77 lb =1768 Ib (T) 

Frp = F6p =1767.77 lb =1768 Ib(C) 


Fac =2450 lb 
(0) 


Rg=!767.11 lb 
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6-15. Remove the 1200-lb forces and determine the 1200 lb P 1200 Ib 
greatest force P that can be applied to the truss so that none 

4 ft 4 ft —|-a ft —|—4 ft 

E 


of the members are subjected to a force exceeding either 
2000 1b in tension or 1500 lb in compression. 


Support Reactions: Applying the moment equation of equilibrium about point A to the 
free - body diagram of the truss, Fig. a, 
(+2M, =0; Ng(8+8)- P(8) = 0 
Ng =0.5P 


Method of Joints: We will begin by analyzing the equilibrium of joint B, and then that of 
joints C and G. 
Joint B: From the free - body diagram in Fig. b, 
5xF, =0, FaG =0 
+ TER, =0; 0.5P — Fac =0 
Fac =0.5P(C) 
Joint C: From the free - body diagram in Fig. c, 
+ TER, =0; 0.5P— Fogsin45* =0 
Fo =0.7071P (T) 
5 EF, =0 Fcp -0.7071Pcos45* = 0 
Fa =0.5P(C) 
Joint G: From the free - body diagram in Fig. d, 
+ TER, =0; 0.7071Pc0545" — Fgpcos45* =0 
Fop= 0.7071P(C) 
0.7071 Psin45* +0.7071Psin45” — FG =0 
For =P 


Due to the symmetry of the system and the loading, 
Faz = Fac =0.5P (C) 

Far = FG =0 

Fep = Fop =0.5P(C) 

FgF = Fo =0.7071P(T) 

Frp = Fo6p = 0.7071P(C) 


From the above results, the greatest tensile and compressive forces developed in the member of 
the truss are P and 0.7071P, respectively. Thus, 

0.7071P =1500 P = 2121.331b 

P = 2000 lb (controls) 


Fa "her0sp 
E) 


Eg>0-7071P 
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*6-16. Determine the force in each member of the truss, 


and state if the members are in tension or compression. Set 
P =5kN. 


Method of Joints: We will begin by anal yzing the equilibrium of joint A, and then proceed to 
analyzing that of joints B and D. 


Joint A: From the free - body diagram in Fig. a, 
EF," =0; Fpp sin73.74? — Ssin53.13* = 0 
Fap = 4.167kN = 4.17kN (T) 
EF, =0; 4.167008 73.74? + 5005 53.13 —Fyg =0 
Fag = 4.167kN =4.17 kN (C) 
Joint A: From the free - body diagram in Fig. b, 


4 
4XF, =0, 4102) -5 (E)-0 


Fac =4.167KN = 4.17kN (C) 


+ VER, =0; Foo -4103)- 416 3)=0 


Fgp = 5KkN(T) 
Joint D: From the free - body diagram in Fig. c, 
HER" =0; Fpc sin73.74* — 5sin53.13* = 0 
Foc =4.167kN =4.17kN (C) Ans. 
+ y TF, =0; Fpg -4.167 - 5008 53.13" -4.167008 73.74? = 0 
Fpg = 8.333 kN = 8.33 kN (T) Ans. 


Note The equilibrium analysis of joints E and C can be used to determine the components of 
the support reaction at supports E and C, respectively. 


418 


6 Solutions 44918 1/26/09 1:46 PM Page 419 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*6-17. Determine the greatest force P that can be applied 
to the truss so that none of the members are subjected to a 
force exceeding either 2.5kN in tension or 2kN in 
compression. 


Method of Joints: We will begin by analyzing the equilibrium of joint A, and then proceed to 
analyzing that of joints B and D. 


Joint A: From the free - body diagram in Fig. a, 
“AER, =0; Fap sin73.74? — Psin 53.13=0 
+ Fap =0.8333P (T) 
2 EF + = 0; 0.8333P 008 73.74? + P 00853.13" — Fyg =0 
Fag = 0.8333P (C) 
Joint B: From the free - body diagram in Fig. b, 


4 4 
EF, =0 0555 2) — Fac ($) =0 


Fac = 0.8333P (C) 


3 3 
+ TER, =0; Fgp -osar 3)- al 2) =0 


Fgp = P(T) 
Joint D: From the free - body diagram in Fig. c, 
ER =0; Foc sin73.74* — Psin 53.13" = 0 
Foc =0.8333P(C) 
VER, =0; Fpg -0.8333P - Poos 53.13" -0.8333P 008 73.74" = 0 
Fog = 1.6667P (T) 


From the above results, the greatest compressive and tensile forces developed in the member 
are 0.8333P and 1.6667P, respectively. Thus, 

0.8333P =2 P =2.40kN 

1.6667P =2.5 P =1.50 kN (controls) 


tan E 
253.13? 
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6-18. Determine the force in each member of the truss, 
and state if the members are in tension or compression. 


Support Reactions: Applying the moment equation of equilibrium about point Cto the 
free - body diagram of the truss, Fig. a, 
(Mc =0; 600(4)+900(4+4+ 4) Ny =0 
Na = 16501b 


Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
F>E>A=>B>0D. 
Joint F: From the free - body diagram in Fig. b, 


3 

+ TER, =0; Fra 3)-o00=0 

Fa =15001b(C) 
5 ER, =0 Pi =1 3)-0 

Fs =12001b (F) 
Joint E: From the free - body diagram in Fig. c, 
ER, =0 Fep - 1200=0 

Fgp = 1200 1b (T) 
+ TER, =0; Fea =0 
Joint A: From the free - body diagram in Fig. d, 


1 =0, - 2 - 2)- 
.ray mo 1000(2)-mo[2)=0 


Fap = 12501b(C) 


prof) 


Fag = 2001b(C) 
Joint B: From the free - body diagram in Fig. e, 
5XxF, =0 200 — Fac =0 

Fac = 2001b(C) 
+ TER, =0; Fap =0 
Joint D: From the free - body diagram in Fig. f, 


reo) 


Foc =2501b (1) 


+ TER, =0; 2)-0o0=0 (check) 


Note. The equilibrium analysis of joint C must be used to determine the components 
of the support reaction at C. 


9olb boo lb 
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6-19. The truss is fabricated using members having a 
weight of 10 1b/ft. Remove the external forces from the 
truss, and determine the force in each member due to the 
weight of the members. State whether the members are in 
tension or compression. Assume that the total force acting 
on a joint is the sum of half of the weight of every member 
connected to the joint. 


Joint Loadings: 
R =Ff= (25) as lb 


Fg = Fg = quee. lb 


Fa =Fp = 1 ort+2)- 85 lb 


Support Reactions: Applying the moment equation of equilibrium about point Cto the 
free - body diagram of the truss, Fig. a, 
(Mc =0; 45(4+4+ 4)+ 55(4+4)+85(4+ 4)+ 8 4)+ 5%4)- N4(4+4)=0 
Na =277.5 lb 


Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
F>E>A=>B> D. 
Joint F: From the free - body diagram in Fig. b, 


3 

+ TER, =0; tra[2)-45=0 

Fra =751b(C) 
+XF, =0 Fr 15 2)=0 

Fig =601b (1) 
Joint E: From the free - body diagram in Fig. c, 
5 XF, =0 Fgp -60=0 

Fgp = 601b (1) 
+ TER, =0; Fea -55=0 


Fea = 551b(C) 
Joint A: From the free - body diagram in Fig. d, 


+ TER, =0; ams-ss-85-187)- Eao| 2)=0 


Fap = 154.17 lb = 154 lb (C) Ans. 


4 4 
Fap +73 — |-154.17| — |=0 
ma (3) (2) 


Fag = 63.331b = 63.3 Ib (T) 


Joint B: From the free - body diagram in Fig. e, 
L EF, =0 Fac -63.33=0 
Fac = 63.33 lb =63.3 lb (T) 
+ TER, =0; Fap -55=0 
Fap = 55 1b (T) 
Joint D: From the free - body diagram in Fig. f, 


FER, =0 15417 4)- 60- Bo[H)-0 
Foc =79.171b=79.21b(C) 
3 3 
+ TER, =0; 15411 5) +70. 2) -85-5s=0 
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Na =2775 lb 


(A) 
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*6-20. Determine the force in each member of the truss 
and state if the members are in tension or compression. The 
load has a mass of 40 kg. 


JomD: 


DER =0 ho (qa) - 14 - (2) = o 


7 


“TER 0. to [z) - 1 (2) - 090 “0 


Solving. 
Fog =0 Ana 


Foc = S55N(C) Ame 


Fer=0 Ana 
= 555 + Fog = 0 


Fey = SS5N(C) 


AIF, = 0 


ALF, = 0; 


Joint 8 : 
MEF, =0 Fig=0 Ans 
»HIF, =0; Fin =355N(C) 


JomaA: 


monta) 
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e6-21. Determine the largest mass m of the suspended 
block so that the force in any member does not exceed 
30 kN (T) or 25 kN (C). 


Inspection of joins E, C, F, and-B indicases that EC, CF, FB, and BG 
are all zero - force members. — 


JoimD : 


DEF, =0; Focsin4S* + Fog cos 30.25” - W = 0 
+TIR =0; Foc cos45” + Fog sin 30.25" -W =0 
Foc = 1.414 W(C) 

Foz =0 


JoimA : 

+TER =0; Fo - 1.414 Wsin45” = 0 
Fac = WM) 

For compression of members DC, BC, and AB, 
25kN = 1.414 W 
W = 17.678 kN 

For tension of member AG, 
W = 30kN 


Thus he critical value is compression. 


a 17.678 (10%) N 
9.81 


= 180Mg Ass 
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6-22. Determine the force in each member of the truss, 
and state if the members are in tension or compression. 


Support Reaction: Applying the moment equation of equilibrium about point A on the free - body 
diagram of the truss, Fig. a, 
+EMa =0; Nc(4)- 400(1)— 6003) = 0 
Nc =53550 N 
Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
C>D=S>E>S>B 
Joint C: From the free - body diagram in Fig. b, 
+ TER, =0; 550 — Fig sin45* = 0 
Fcp =777.82N = TI8N(C) 
DER, =0 777.82.008 45" — Fg =0 
Fay = 550N(T) 
Joint D: From the free - body diagram in Fig. c, 
+ TER, =0; Fpg sin 45" +777.82sin 45” —600= 0 
Fog =70.71N =70.7N (C) 
5ER, =0 Fbg +70.71 00845” — 777.8200845" = 0 
Fpg = 500 N(C) 
Joint E: From the free - body diagram in Fig. d, 
EF, =0; Fgg — 400sin45? — S0O sin 45” = 0 
Fea = 63640N =636N (C) 
EF, = 0; 500cos 45” —40000s 45” — Fgg =0 
Feg =70.71N =70.7N (T) Ans. 
Joint B: From the free - body diagram in Fig. e, 
LR =0 550 70.71 00845" — 70.71008 45" — Fig =0 
Fga = 450N(T) 
+ TR, =0; 70.71 sin45? —70.71 sin45? =0 (check) 
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6-23. The truss is fabricated using uniform members 
having a mass of 5 kg/m. Remove the external forces from 
the truss, and determine the force in each member due to 
the weight of the truss. State whether the members are in 


ET 
tension or compression. Assume that the total force acting 
on a joint is the sum of half of the weight of every member 
connected to the joint. GAS? 45/N GAS 45/88 
NM E2ózáíAAAARAKAOAOA 


LA 
Joint Loading: 
- 2m 


0 A sos] 22. = 83:73N 


2 


Fy =3 200 =167.47N 


Fg =Fp = 5001] 22h | =1182N 


Support Reactions: Applying the moment equation of equilibrium about point A to the 
free - body diagram of the truss, Fig. a, 
(Ma =0; Nc(4)- 83.74 4)- 118.42(3)- 167.4X2)- 118.421) = 0 
Nc = 285.88 N 


Method of Joints: We will begin by analyzing the equilibrium of joint C, and then that of 

joint D. 

Joint C: From the free - body diagram in Fig. b, 
285.88 —83.73— Rep sin45”= 0 
Fcp = 285.88 N = 286 N (C) 
285.8800s 45” — Fgg =0 
Fa =202.15N = 202 N (T) 

Joint D: From the free - body diagram in Fig. c, 

+ TER, =0; 285.88 sin45” — 118.42 — Fpg sin45” = 0 
Fo = 118.42N =118N(T) 

ER, =0 Fpg —285.8800s 45" - 118.4200545" = 0 
Fpg = 285.88 N = 286 N (C) 


Due to the symmetry of the system and the loading, 
Fpg = Fpg = 118.42N =118N(T) 
Fga =Fqg =202.15N =202N (T) 
Fea = Fco = 285.88N = 286 N (C) 


N¿=28588N 
(b) 


1 


118-42N 
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*6-24. Determine the force in each member of the truss, 
and state if the members are in tension or compression. Set 
P =4kN. 


Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 
A=>D=>F=>E=2C. 
Joint A: From the free - body diagram in Fig. a, 
+ TER, =0; Far sin45”-4=0 
Far = 5.657kN =5.66 kN (T) 
FER =0 5.65700s 45” — Fyg =0 
Fag =4kN(C) 
Joint D: From the free - body diagram in Fig. b, 
+ TER, =0; Fpg sin 45"-4 =0 
Fbg = 5.657 kN =5.66 kN (T) 
ER =0 Foc — 565700845" = 0 
Foc =4kN(C) 
Joint F: From the free - body diagram in Fig. c, 
+ TER, =0; Fig — 5.65700845" =0 
Frg =4kN(C) 
ER, =0 FÉ — 5.6575in45” =0 
Frg =4kN(T) 
Joint E: From the free - body diagram in Fig. d, 
5EF, =0 5.657 sin45”-— 4 — Fgg sin45” = 0 
Fgg =0 
+1 ER, =0; Fac -5.657008 45" =0 
Fig =4kN(C) 
Joint C: From the free - body diagram in Fig. e, 
3,XF, =0; Faz -4=0 
Fqg =4kN(C) 
+1 ER, =0; Nc-4=0 
Nc =4kN 
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e6-25. Determine the greatest force P that can be applied 
to the truss so that none of the members are subjected to a 
force exceeding either 1.5kN in tension or 1kN in 
compression. 


Method of Joints: We will analyze the equilibrium of the joints in the following sequence: 

A=>D=>F>E>C. 

Joint A: From the free - body diagram in Fig. a, 

+ T EF, =0; Far sin45*-P =0 
Far =1.4142P (T) 

Íxr, =0 1.4142P00s 45" —Fpg =0 
Fag =P(C) 

Joint D: From the free - body diagram in Fig. b, 

+ TER, =0; Fpg sin 45"-P =0 
Fbg = 1.4142P (T) 
Fpc — 1.4142 Poos 45 = 0 
Foc =P(C) 

Joint F: From the free - body diagram in Fig. c, 

Lx, =0 Fsg — 1.4142P sin45" = 0 
FrgÉ =P (MD) 

+ TER, =0; Fig — 1.4142P 00845" = 0 
Fr =P(C) 

Joint E: From the free - body diagram in Fig. d, 

E, =0 1.4142Psin 459 — P— Fgg sin45” = 0 
Fgg =0 

+ TER, =0; Fic —1.4142P00s 45" =0 
Fac =P(C) 

Joint C: From the free - body diagram in Fig. e, 
Fa =P(C) 


From the above results, the greatest compressive and tensile forces developed in the member 
are P and 1.4142P, respectively. Thus, 

P=1kN (controls) Ans. 

1.4142P =1.5 P =1.06kN 
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6-26. A sign is subjected to a wind loading that exerts 
horizontal forces of 300 lb on joints B and C of one of the 
side supporting trusses. Determine the force in each 
member of the truss and state if the members are in tension 
or compression. 


Joim C: 


S EF, =0; 300 - Fep sin22.62% = 0 


Fcp = 780 Ib (C) Ans 
+TEFR, = 0; -Fca + 780008 22.62% = 0 


Fes = 20b(T Ans 


Joint D: 
ya -0 Fo =0 Ans 
ÁAEF, =0; 780 - Fog =0 


Foz = 780 lb (C) Ans 


Joint B : 
SEF, 20;  300-FaacosáS” + Fagsin45.24* = 0 


+TEF, =0;  720-Farsin45” - Fygcos45.24? = 0 


Fag =297 lb (T) 


Far =72 Wb (T) 


429 


6 Solutions 44918 1/26/09 1:46 PM Page 430 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


6-27. Determine the force in each member of the double 
scissors truss in terms of the load P and state if the members 
are in tension or compression. 


L 
l-2, =0; A+ eS) - (DML) = 0 


a-» 
+TIE =0; A =P 


Joint F: 


+TZE =0; Ea) -P=0 


5 


Era = /2P = 141P(T) 


. 
PEE 00 Big Fog bt) = 0 


0 


(0 


1 


ta a ne o 


=0 


2 


qa => q E 


Rea = ab, = 1.4907P = 1.49P(C) 


Rp = Lp = 0:4714P = 0.471P (C) 


Pat BZ =0 


EME 


5 
Be = 3? = 157P(D) 


From Egs. (1) and (2) ; 
Eg = 0.667 P(T) 
Fep = 1.67 P(T) 

= 0.471 P(C) 

= 1.67 P(T) 

= 1.49P (C) 

= 141 P(T) 

= 1,49 P(C) 

= 1.41 P(T) 


Fep = 0.471 P(C) 
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*6-28. Determine the force in each member of the truss in 
terms of the load P, and indicate whether the members are 
in tension or compression. 


Support Reactions : = d/2 Zim d/2 


4 

(2% =0; ran-a (32)=0 4 =3e 
4 4 
+TER =0; 3P-8=0 ExzP 


SIE =0 E-P=0 E=P 


Method of Joints : By inspection of joint C, members CBand CD are 
zero force member, Hence 


Fes = Fep =0 Ans 
Joint A 


1 4 
+TER =0; tu 53) jo 


Ela = 2.404P (C) =2.40P (C) 


* 15 
EF =0; Es- Ez)" 
3.25 


ergo 200 joo 755) 75)" 


1.333P+0.8944F y —0.8944F p = 0 12] 


Solving Eqs. [1] and [2] yield, 
Fay = 1.863P(T) = 1.86P(T) 
Fap =0.3727P(C) = 0.373P(C) 


Joint F 


Frg = 1.863P(T) =1.86P(T)  Ans 


suma rf 


Fep =03333P(T) =0.333P (T)  Ans 


Joint D 


A Er) a 715)" 


Ez =03727P (C) =0.373P (C)  Ans 


- os 
ER =0; quae )]-asmae =0 (Check!) 
1.25 
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*6-29. Ifthe maximum force that any member can support 
is 4 kN in tension and 3 kN in compression, determine the 
maximum force P that can be applied at joint B. Take 
d=1m. 


Support Reactions : 


(+24, =0: rao-a, (54)=0 A, =3P 


+TER=0; ÍP-E=0 P 
¡0% 3P-5=0 5xn; 


SIE =0 E-P=0 E=P 


Method of Joints : By inspection of joint C, members CBand CD are 
zero force members Hence 


Joint A 


1.333P +0.8944F; p —0.8944F; y = 0 


Solving Eqs.(1] and [2] yield, 
Fap=1.863P(T)  Fp=03727P(C) 


1 


a) 73)" 


Fog = 1.863P(T) 


From the above analysis, the maximum compression and tension in the truss 
members are 2.404P and 2.00P, respectively. For this case, compression 
controls which requires 


Joint D 


+ TER =0; 73 
Fog =0.3727P (C) 


ES 


quan ] -0.3333P =0 (Check!) 
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6-30. The two-member truss is subjected to the force of 
300 lb. Determine the range of O for application of the load so 


that the force in either member does not exceed 400 lb (T) or 
200 Ib (C). 


5 ER =0; 300 cos 9 + Fac + Fan (5) =0 


+TER, =0; - 200 sin0 + Fas (5) =0 


Thus, 


Fria = SO0 sin 0 


Fic = — 300 cos Ó — 400 sin 9 


For AB require : 
=- 200 S 500 sin 9 < 400 


-25 5$sm09S4 (1) 


For AC require : 
- 200 $ - 3900 cos 9 - 400 sin 9 < 400 


-45$ 3010 +4sm0< 2 (2) 


Solving Eqs. (1) and (2) simuliznecusly, 
1277 S 0S 19”  Anms 
36” SOSUAT Am 


A possible hand solution : 


The range of values for Eqs. (1) and (2) are shown in the figures : 


% = 0, + un" (2) =0 +36870 


Then 

Faz = 500 sin O, 

Fic = - 300cos (6, — 36.870”) — 400 sin (6, - 36.870") 
— 309 [cos 6, cos 36.870” + sin 6, sin 36.870] 
- 400 (sin 0, cos 36.870? — cos 6, sin 36.8707] 
- 240 cos 9; — 180 sin 6, — 320 sin 6, + 240 cos 6, 


= — 500 sin 6, 


Since 6, = 0, — 36.870”, the range of acceptable values for 9 = 0, is 


Thus, we require 127 <05S 19%” —Ans 


-255sin0 $4 or -04Ssinó0, S 0.8 336 SOS HAT  Ans 


-455sin6, 52 or -08$sinG, Ss 04 
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tan (ES 


K 
Sin(9+36.87") 


96-26 270 
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6-31. The internal drag truss for the wing of a light 
airplane is subjected to the forces shown. Determine the 
force in members BC, BH, and HC, and state if the 
members are in tension or compression. 


80 lb 80 lb 


+TEFR, =0; 180 - Foysin4S* = 0 


Fam = 255 b(T)  Anms 


(¿24 =0;  -—Fic(2)+60(2) + 403.5) =0 


Fac = 190Db(T)  Ans 
Section 2 : 
+TEF, =0;  80+60+40- Fyc =0 


Fic = 1801b(C)  Ams 


2ft 
80lb  coib 401b 
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*6-32. The Howe bridge truss is subjected to the loading 
shown. Determine the force in members 4D, CD, and GD, 

; : : ] 20 kN 20kN 
and state if the members are in tension or compression. 


Support Reactions : 


(+2M, =0;  E(16)-40(12) -20(8)-20(4) =0 
E, = 45.0 kN 


Method of Sections : 


(+ EM, =0; — 45.0(8) -40(4) - F.p (4) =0 
Fep = 50.0 kN (T) 


+TER =0;  45.0-40- Fypsin 45% =0 
Fip =7.071 KN (C) =7.07kN (C)  Ans 


Method of Joints : Analysing joint D, we have 


+TEE =0;  Fip-7.071sin45*=0 
Fop = 5.00 kN (T) 
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e6-33. The Howe bridge truss is subjected to the loading 
shown. Determine the force in members AI, HB, and BC, 
and state if the members are in tension or compression. pin EN 


B E 
LL 16m,404 


3OKN ZoOKm zorn FOrN 


Support Reactions : 


(+12 =0; — 30(16)+20(12) +20(8) +40(4) —A, (16) =0 
A, =65.0kN 


5 EF. =0; A, = 0 
Method of Sections : 


(+2M,=0; — Fac (4)+20(4) +30(8) —65.0(8) =0 
Fac = SO.0KN (T) 


(+ EM, =0; — Fiy(4) +30(4) -65.0(4) =0 
Fi =35.0 kN (C) 


+TER =0,  65.0-30-20- Fygsin 45% =0 
Fis = 21.2 kN (C) 
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6-34. Determine the force in members JK, CJ, and CD of 
the truss, and state if the members are in tension or AÁ 


compression. A 
[a 


2m>-2m 


Method of Joints: Applying the equations of equilibrium to the free - body diagram of the truss, Fig.a, 


DER, =0 A, =0 
(41M =0 6(2)+ 84) +5(8)+ 4(10)—Ay (12) = 0 
A, =1033kN 


Method of Sections: Using the left portion of the free - body diagram, Fig. a. 


(Mc =0; Fx (3) + 4(2) 10334) =0 
Fix =11.111kN =11.1 kN (C) 
(+2M) =0; Fcp(3)+ 5S(2)+4(4)- 10.3%6)= 0 
Fop = 12kNCT) 
+ PER, =0; 10.33-4- 5- Ry sin56.31* =0 
Fey =1.602KN =1.60 kN (C) 


> 


(A) (6) 
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6-35. Determine the force in members HI, FI, and EF of 
the truss, and state if the members are in tension or 
compression. 


Support Reactions: Applying the moment equation of equilibrium about point A to the free - body 
diagram of the truss, Fig. a, 


(Ma =0; NG(2)- 4(2)- 54)- £8)- 6(10) =0 
NG = 12.67kN 


Method of Sections: Using the right portion of the free - body diagram, Fig. b. 


(2, =0 12.6%4)- 42)- Fgp (3)=0 
Fey =12.89kN =12.9kN (T) 

(Mo =0; —F py sin 56.312) +6(2) = 0 
Ef =7.211kN =7.21 KN (T) 

(¿24p =0; 12512)-F|5)2=0 
Fjg =21.11kN =21.1 kN (C) 


On Ng=12:67 KN 
(b) 
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*6-36. Determine the force in members BC, CG, and GF 
of the Warren truss. Indicate if the members are in tension 
or compression. 


Support Reactions : 


(¿24 -0; 6(6)+8(3)-A,(9)=0 A, =6.667 kN 


S ER =0; A, =0 
Method of Sections : 
(+24. =0;  Ep(3sin 60%) + 6(1.5) -6.667(4.5) =0 
Fo = 8.08 kN (T) 
(+2M,=0;  Fjc(3sin 60”) -6.667(3) =0 2Sinbo'm 
Fac =7.70 kN (C) 


+TER =0;  6.667-6- Fegsin 60” =0 
Foo =0.770 kN (C) 


e6-37. Determine the force in members CD, CF, and FG 
of the Warren truss. Indicate if the members are in tension 


or compression. 


Support Reactions : 
(+2, =0,  E(9-8(6)-6(3)=0 E =7.333kN 
Method of Sections : 


(+20 =0; — 7.333(4.5) -8(1.5) — Fic (3sin 60*) =0 
Frg = 8.08 KN (T) de 3SiNtO'm 


(+2M¿=0; — 7.333(3) - Fep(3sin 60) =0 
Fey = 8.47 kN (C) 


+TER =0; — Fepsin60*+7.333-8=0 
Fey =0.770 kN (T) 
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6-38. Determine the force in members DC, HC, and HI of 
the truss, and state if the members are in tension or 
compression. 


Support Reactions: Applying the moment equation of equilibrium about point A to the free - body 
diagram of the truss, Fig. a, 


(+2M, =0, 40(1.5)+30(3) + 40(2) — F,(4) = 0 
F, =57.5kN 
FER, =0 A, -30-40=0; A, = 70kN 
+1 EF, =0; 57.5-40-50+4, =0; Ay = 32.5kN 
Method of Sections: Using the bottom portion of the free - body diagram, Fig. b. 


(42M =0; 70(3) —32.5(2)—40(1.5)— Fr (2)= 0 
Fyy = 42.5 kN (T) Ans. 

(Mp =0 70(4.5)- 40(3) — 30(1.5) — Fc (1.5)= 0 
Fc = 100kN (T) Ans. 


3 
+ T ER, =0, 32.5 +42.5 - Fpc (<)=0 


Foc =125 kN (C) 
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6-39. Determine the force in members ED, EH, and GH 
of the truss, and state if the members are in tension or 
compression. 


Support Reactions: Applying the moment equation of equilibrium about point A to the free - body 
diagram of the truss, Fig. a, 


(+2M4 =0; 40(1.5)+30(3) + 40(2) — Fy(4) = 0 
F, = 57.5kN 
xr, =0 A, -30-40=0; A, = 70kN 
+ Y XE, =0; 57.5-40-50+Ay =0; Ay = 32.5kN 
Method of Sections: Using the left portion of the free - body diagram, Fig. b. 


(+EM É=0; 57.5(2)+ R5y (1.5)= 0 

Fay =76.7kN (T) Ans. 
(42m wH=0 -57.5(4) + Fgp (1.5) + 40(2)= 0 

Fep = 100kN (C) Ans, 


3 
+ TER, =0; 57.5 — Fey (Z)-40=0 
Fey =29.2kN (T) 


50m 
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*6-40. Determine the force in members GF, GD, and CD 
of the truss and state if the members are in tension or 
compression. 


(24 = 0; (5)200 = Fap sin 36.87" (16) = 0 
Fap = 200lb(C)  Ans 


(EMO = 0; — For(3)- E) (260) (4) - (3) (260) (3) = 0 


Far = 420Ib(C)  Ans 


nm. 


fado = 0: Fepcosiaoe io - (E) as) = 0 O) S A 


Fep = 4951 (TM) Ans 


e6-41. Determine the force in members BG, BC, and HG 
of the truss and state if the members are in tension or 
compression. 


240 (8) — Fac cos 14,04* (4) = 0 
Fac = 4951b(T) — Ans 

240 (4) + 100 (3) - Fyo (3) = 0 
Fho = 420Ib(C)  Ans 

- 240 (8) + Fog sin 36.87" (16) = 0 


Fic = 200Ib(C) Ame 
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6-42. Determine the force in members /C and CG of the 
truss and state if these members are in tension or 
compression. Also, indicate all zero-force members. 


By inspection of joints B, D, H and l, 


AB, BC, CD, DE, Hl, and Gl] are all zero-force members. 
(+EM¿ =0; — -4,5(3) + EMO =0 


Fo = 5.62 KN (C) 


Fey = 5.625 kN 
4 4 
35.625) + (5.625) — Reg =0 


Fog = 9.00 KN (T) Ans 


6-43. Determine the force in members JE and GF of the 
truss and state if these members are in tension or 
compression. Also, indicate all zero-force members. 


By inspection of joints B, D, H and 1, 


AB, BC, CD, DE, HI, and GI are zero-force members. 
Joint E: 


4 
+ TER =0; 1.5 ¿Eg =0 


Eg = 9.375 = 9,38 kN (C) 


3 
39.375) — Fog = 0 


Far = 5.625 kN (T) 
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*6-44. Determine the force in members JI, EF, El, and JE 
of the truss, and state if the members are in tension or 
compression. 


1500 lb 


Support Reactions: Applying the equations of equilibrium to the free - body diagram of 
the truss, Fig. a, 


DER =0 900-G, =0 
G; = 900 lb 

A =0; 1000(16) + 1500(24)+ 1000(32)+ 900(24)—G, (48)= 0 
Gy = 2200 lb 


Method of Sections: Using the right portion of the free - body diagram, Fig. b. 


E =0; 2200(16) —900(16)— Fy sin45(8) =0 

Fy =3676.96 lb =3677 lb (C) Ans. 
(My =0 2200(8) — 90.16) — Fgp cos45(8)= 0 

Fgp = 565.69 In = 566 lb (T) Ans. 


Using the above results and writing the force equation of equilibrium along the x axis, 


ER, =0 3676.96c08 45” — 565.69 008 45” —900 — Fgz =0 
Fjg = 130016 (T) Ans. 


Method of Joints: From the free - body diagram of joint E, Fig. c, 


+ TER, =0; FyE -565.69sin 45"= 0 
Fyg = 400 1b (T) 
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e6-45. Determine the force in members CD, LD, and KL 1500 lb 
of the truss, and state if the members are in tension or 
compression. 


7 Ñ 
ú lp El EN! ml 81 


Support Reactions: Applying the equation of equilibrium about point Gto the free - body diagram of 
the truss, Fig. a, 


(+3MG =0; 1000(16) + 1500(24)+ 1000(32) — 900(24)— Na (48)= 0 
Na = 1300 1b 


Method of Sections: Using the left portion of the free - body diagram, Fig. b. 


(¿Mp =0 Fxz (8) + 1000(8)— 900(8)- 130024) = 0 
Fx = 3800 lb (C) 
(+2My =0, Fyp (8)- 1300(16) = 0 
Fep = 2600 1b (T) 
+ TER, =0; 1300- 1000 — F,p sin45” =0 
F¡p = 424.26 lb = 424 lb (T) 
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6-46. Determine the force developed in members BC and 
CH df the roof truss and state if the members are in tension 
or compression. 


E,(4)-2(0.8)-1.5(2)=0  E,=1.15kN 


1.15(3) —1.5(1) —¿fact1) =0 


Fac = 3.25 kN (C) 
1.15(4) — 1.5(2) — Fey sin 56.311) = 0 


Fey = 1.92 kN (T) 
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6-47. Determine the force in members CD and GF of the 
truss and state if the members are in tension or 
compression. Also indicate all zero-force members. 


-2(0.8) - 1.5(2) + E, (4) = 0 
E, =1.15kN 
Section : 
(+EMp = 0; — 1.15(1) - Fco sin 36.87* (1) = 0 


. Fep = 1.92kN(C)  Ans 


(+EMe =0;  -For(1.5) +1.15(2) =0 


For = 1.533kXN(D Ans 
Joint D: 
+/EF, =0; 
Joint F: 


+TER =0; — Fc cos8 =0 
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*6-48. Determine the force in members //, EJ, and CD of 
the Howe truss, and state if the members are in tension or 
compression. 


Support Reactions: Applying the moment equation of equilibrium about point A to the free - body 
diagram of the truss, Fig. a, 


(ma =0; NG(12)-2(12)- 4(10)- 4(8)—6(6)— X4)- X2)= 0 
Ng = 13.5kN 


Method of Sections: By inspecting joint D, we find that member DJ is a zero - force member, thus 
Fpj = 0. Using the right portion of the free - body diagram, Fig. b. 


(+2M, =0; 13.56) 4(2)— 44)-26)- Rp (4) =0 

Fop =11.25 kN CT) Ans. 
(Mg =0; 13.54) 24)-4(2)-—Fy sin33.69%(4) = 0 

Fjy =17.13kN =17.1 kN (C) 
(MG =0; 4(2)+4(4)-— Fgy sin63.43(4) = 0 

Fgy = 6.708kN =6.71 kN (T) 
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e6-49, Determine the force in members KJ, KC, and BC 
of the Howe truss, and state if the members are in tension or 
compression. 


Support Reactions: Applying the equations of equilibrium to the free - body diagram of the truss, Fig.a, 
A, =0 
X12)+ X10)+ 38) + (6) +4(4)+ 4(2)-Ay(12)=0 
Ay =15.5 kN 


Method of Sections: Using the left portion of the free - body diagram, Fig. a. 


(HMC =0; Fg sin33.69%4) + 5(2) +3(4) -15.5(4) =0 

Fig =18.03 KN =18.0 kN (C) Ans. 
(+24, =0; Fc (4)- 5(4)-5(2) = 0 

Fkc =7.S0 KN (C) Ans. 
(Mx =0 Fac (2.667)+ X2)+ X4)- 15.4) =0 


Fac = 15KNCT) 
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6-50. Determine the force in each member of the truss 


and state if the members are in tension or compression. Set 
P, = 20kN, P, = 10kN. 


Entire truss : 


TM =0; -20(1.5) - 10(4.5) + E, (6) =0 


E, =12.5kN 


+TER =0; A -20-10+125=0 
JOHN Lor Es 


A, = 17.5kN AAA L5n 


15a 

SIR =0 A=0 
JoimtA : 

4 
+ TER, =0; 17.5-¿FEu =0 

Fis = 21.875 = 21.9 kN (C) 

+ 3 
SER, =0 Fo -7(01815)=0 


Fro = 13.125 = 13,1 kN (D) 


Joimt B : 

5 xr =0; = 01815) — Fac = 0 
Fac = 13.125 = 13.1 kN (C) 
4 

+TER, =0; (21875 - Foo =0 
Foo = 175kN(T)  Ans 


Joint G : 
4 
+TEF, =0; 17.5 - 20 + ¿Feo=0 
Fco =3.125= 3.12kN(T)  Ans 
SIR =0; 25.125) + Fro - 13.125 =0 


Fra =1125= 11.2 kN (D Ans 


Joint C: 
4 4 
+ TEF, = 0; a acid 


Fep =3.125= 3.12kN (C) - Ans 


SER =0; 13.125 - 26.25) — (3.125) Ri 50 


Fep = 9.375 = 9.38 kN (C) Ans 
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Joint D : 
+ 3 
>3EF =0; 9.375 - ¿Fog = 0 


Fog =15.625= 15.6kN (C) 


+ TER, = 0; $ 15.629) — Fog = 0 


For = 125kN (TM)  Ans 


20.125) - 11.25 + Fer = 0 
Fer = 9.38 kN (T) Ans 


+ TER, =0; 125 - 10- 46.15) =0 
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6-51. Determine the force in each member of the truss 
and state if the members are in tension or compression. Set 
P, = 40 kN, P, = 20 kN. 


Entire truss : 
(A =0; -40(1.5) - 20(4.5) + E, (6) =0 
E, =25kN 


+TER =0; A -40-20+25=0 


A = 35kN 


A =0 


4 
35 - - Fig = 
35 0 


Fasa = 43.75 = 43.8 kN (C) Ans 


Fra — 3075)= 0 


Fra = 26.25=26.2kN (T)  Ans 


SER =0; 5 (69.15) - Fic=0 
Fac = 26.25=26.2kN (C)  Ans 
4 
3 (49.75) — Fog =0 


Fac = 35.0 kN (D) Ans 
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Joint G : 
4 
+TER, =0; - 40 +35+ ¿Foc=0 
Fac = 6.25kN(T)  Ans 


SER =0; 3625) + Far - 26.25 = 0 


For = 22.5kN (IT)  Ans 


Joint E : 
4 
+TER =0;, 25 - 3 fw=0 
Fep = 31.25 = 31.2 kN (C) 
+ 3 
3EFR =0; - Fer + 5 (31.25) =0 


Fer = 18.75 = 18,8 kN (T) 


SER =0 Foa- 5 (91.25) =0 
Foc = 18.75 = 18.8 kN (C) 
4 

+ TER, =0; 3 91.25) — Pop = 0 


For = 25.0kN (TD) Ans 


Joint F : 
4 
+TER =0; 25- q rc) - 20= 0 


Frc = 6.25 kN (C) Ans 


SER =0; - 22.5 + 18,75 + 5629) =0 
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*6-52. Determine the force in members KJ, NJ, ND, and 
CD of the K truss. Indicate if the members are in tension or 
compression. Hint: Use sections aa and bb. 


1500 1b ¿800 1b 
20 ft-—20 ft. 20 ft—20 ft— 20 ft-—20 ft 


Support Reactions : 


(+2 =0; — 1.20(100)+1.50(80) + 1.80(60) —A, (120) =0 
A, =2.90 kip 


5 EF =0; A, =0 


Method of Sections : From section a— a, Fzyand Ry can be obtained 
direcly by summing moment about points C and K respectively. 


(+2M¿=0; — Fz,(30)+1.20(20) —2.90(40) =0 
Fx = 3.067 kip (C) =3.07 kip (C)  Ans 


(+24; =0;  F:ep(30)+1.20(20) -2.90(40) = 0 
Fcp = 3.067 kip (T) =3.07 kip (T)  Ans 


From sec b- b, summing forces along x and y axes yields 


DER =0; mol )- Bu; )+3.067-3.067=0 
Fvo = E 


+TER =0;  2.90-1.20-1.50- =ro(5)- ñu(5)=0 
Fup + Fu = 0.3333 
Solving Eqs.[1] and [2] yields 


Eyp =0.167 kip (T)  Fyy =0.167 kip (C) Ans 
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e6-53. Determine the force in members J/ and DE of 
the K truss. Indicate if the members are in tension or 
compression. 


+. an (O a (070000 025 (O N 
15001b ¿80016 tn 
20 ft=—20 ft. 20 ft-20 ft-— 20 ft-—20 ft 


2ECÓN 


Support Reactions : 


(+ EM, =0; — G,(120)-1.80(60) - 1.50(40) - 1.20(20) =0 
G, = 1.60 kip 


Method of Sections : 


(+2M;=0; — 1.60(40)-E,(30) =0 
Ej, =2.13 kip (C) 


Q EM, =0;  1.60(40) - Fpg(30) = 0 
Pog = 2.13 kip (T) 


Gy*160 kip 
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6-54. The space truss supports a force 
F = (—500i + 600] + 400k) lb. Determine the force in 
each member, and state if the members are in tension or 
compression. 


Method of Joints: In this case, there is no need to compute the support reactions. 
We will begin by analyzing the equilibrium of joint C, and then that of joints A and 
D. 

Joint C: From the free - body diagram, Fig. a, 


EF, =0; toa 3)-s00=0 


Fa, = 833.331b = 833 lb (T) 


YR, =0; a 2)- ro(3)+5w0=0 0) 


mon a) (¿)e 


5 5 
Solving Eqs. (1) and (2) yields 
Faz = 666.67 lb = 667 Ib(C) 
Fcp = 333.33 lb =333 lb (T) 
Joint A: From the free - body diagram, Fig. b, 
EF, =0; Fap cos 45” — Fag 00s45* =0 
Fap =Fag =F 
EF, =0, Fsin45”+F sin45”— smaf3)- 0 
F = 353.55 lb 
Thus, Fap = Fag = 353.55 lb =354 1b(C) 


EF, =0; sa 5)- A¿=0 


A, = 666.67 Ib 
Joint D: From the free - body diagram, Fig. c, 


3 o 
EF, =0, Fpg +30531 y) -35:5500:45 =0 
Fog = 50 Ib (T) 


EF, =0; D, -353.55sin 45”=0 
D; = 250 lb 


EF, =0; 2934 <)-0, =0 
D, = 266.67 1b 


Note. The equilibrium analysis of joint B can be used to determine the components 
of support reaction of the ball and socket support at B 
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6-55. The space truss supports a force 
F = (600i + 450j — 750k) lb. Determine the force in each 
member, and state if the members are in tension or 
compression. 


Method of Joints: In this case, there is no need to compute the support reactions. 
We will begin by analyzing the equilibrium of joint C, and then that of joints A and 
D. 

Joint C: From the free - body diagram, Fig. a, 


Ef, =0; 600+Fca3)=0 
Fc4 =-1000 lb = 1000 1b (C) 


ER, =0; fa(2)- Fo 2) +4so- 0 m 


EF, =0; -ra|+)- fo|+) 000) $)- 750=0 (2) 


5 
Solving Egs. (1) and (2) yields 
Fcp = 406.25 lb = 406 Ib (T) Ans. 
Fa = 343.75 lb = 344 1b(C) Ans. 
Joint A: From the free - body diagram, Fig. b, 
ER, =0; Fig 00545" — Fap 00845" =0 
Fag =Fap =F 


EF, =0; 100 2) - ranas” -Fsinas”=0 


5 


5 
F =424.261b 
= Fap = 424.26 lb=424 Ib (T) 


EF, =0; 4, 10003) =0 


A, = 800 Ib 
Joint D: From the free - body diagram, Fig. c, 


ER, =0; 206255 )+ 406.2500845" — Fig =0 


Fpg = 543.75 lb =5441b(C) 
EF, =0; 424.26sin45”-D,=0 
D, = 300 lb 


EF, =0; 30624) -0, =0 


D, =3251b 
Note The equilibrium analysis of joint B can be used to determine the components 
of support reaction of the ball and socket support at B. 
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Fa=1/000 lb 


| Fe =40b-26 lb . 


A 
fap=424-26 1b 
(2) 
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*6-56. Determine the force in each member of the space 
truss and state if the members are in tension or 
compression. The truss is supported by ball-and-socket 
joints at A, B, and E. Set F = (8005) N. Hint: The support 
reaction at E acts along member £C. Why? 


ra 


LS Feo + 800 = 0 


/1.25 


Fep = 615.4 = 615 N (C) 


1 
Fac - —=1(615.4) 2 0 
eras 


Fac = 29N (T) Ans 


15 615.4) - Fic =0 


y/725 


Fic = 4IN(TD) 


Fac - (615.4) =0 


y/725 


Fac = 457 N (C) 
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*6-57. Determine the force in each member of the space 
truss and state if the members are in tension or 
compression. The truss is supported by ball-and-socket 
joints at A, B, and E. Set F = [—200i + 4005] N. Hint: The 
support reaction at E acts along member EC. Why? 


1 $ 1 
- Ey + + Fep -200= 0 
3 /31.25 /725 


2 
7 A AA 
3 31.25 7.25 


2 Fep= 0 
Y7125 
FEw = 43N(D Ans 
Fap = 186 N (T) Aus 


Fco = 397.5 x= 397 N (C) 


1 
Fac - (397.5) = 0 
/725 
Fac = 148 N (T) Ans 


LS 


/725 


Fic = 21N (TD) 


(397.5) - Fic =0 


2 
Foc - (397.5) =0 
> /725 e 


Fac = 295 N (C) Ans 
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6-58. Determine the force in members BE, DF, and BC of 
the space truss and state if the members are in tension or 
compression. 


Method of Joints : In this case, the support reactions are not required for 
determining the member forces. 


Joint C 
EE =0;  Fepsin60”-2=0  Fep=2.309 kN (T) 


ZE =0;  2.309%c08 60”- Fc =0 
Bic = 1.154 kN (C) =1.15kN (C)  Ans 


Joint D Since Fcp, Fpgrand Fog lie within the same plane and Fpp is out 
of this plane, then Fpy =0. 


ER =0; ho q )-200% 0-0 


75 


Fop = 4.16 kN (C) 


Joint B 
1.732 


0% he )-2=0 


Fag = 4.16 KN (T) 
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6-59. Determine the force in members AB, CD, ED, and 
CF of the space truss and state if the members are in tension 
or compression. 


Method of Joints : In this case, the support reactions are not required for 
determining the member forces. 


Joint C Since F-p, fac and 2 kN force lie within the same plane and 
Fes is out of this plane, then 


Fog =0 


EE =0;  Fpsin60?-2=0 
Fep =2.309 kN (T) =2.31kN (T)  Ans 


ZE =0;  2.30%0s 60P-Fi=0 Fic =1.154kN (C) 


Joint D Since Fep, Fog and Foyllic within the same plane and Fpg is out 
of this plane, then Fg =0. 


Ajo 


Foy = 4.163 kN (C) 


0 55)-1 =0 


Fip = 3.46 kN (T) 


m3 )-2=0 Fog = 4.163 kN (T) 


Ya 
A -410(5)=0 


Fl = 3.46 kN (C) 
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*6-60. Determine the force in the members AB, AE£, BC, 
BF, BD, and BE of the space truss, and state if the members 
are in tension or compression. 


Method of Joints: In this case, there is no need to compute the support reactions, 
We will begin by analyzing the equilibrium of joint A, and then that of joints C and 
B. 

Joint A: From the free - body diagram, Fig. a, 


YF, =0; he E) 300=0 


Fag =4501b (T) 


YE, =0; as0-+) tao | )=0 


Fap = 335.41 lb (T) 


2 2 
ER, =0; Fig - 335.41 = |- 450 =|=0 
á ($) 3) 


Fag = 300 1b (T) Ans. 
Joint C: From the free - body diagram of the joint in Fig. b, notice that Fcp , Fgr, and C, 
lie in the y — z plane (shown shaded). Thus, if we write the force equation of equilibrium 
along the x axis, we have 


YF, =0; tro | 5) 


Fac =0 
Joint B: From the free - body diagram, Fig. c, 


mo rela) (a) 
(5-22) 22) 
Pao | E 
Solving Egs. (1) through (3) yields 
FF = 225 1b (T) 


Fgg = 515.39 1b = 515 lb (TD) 
Fpp = 721.11 lb =721 Ib (C) 
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e6-61. Determine the force in the members EF, DF, CF, 
and CD of the space truss, and state if the members are in 
tension or compression. 


Support Reactions: In this case, it is easier to compute the support reactions first. 
From the free - body diagram of the truss, Fig. a, and writing the equations of equilibrium, 


EM y, =0; 400(4) + 300(4) — 600(4) — D,(4) = 0 
D, = 1001b 
400(2)+ 300(6)— C,(4) = 0 
Cy, = 650 1b 
600(6) + 100(8)— E ,(8) = 0 
E, = 550 1b 
2F, =0; —F, +600 + 100- 550=0 
/ F, =150 lb 
EF, =0, F,-650=0 
F, = 650 1b 
EF, =0; F, - 300-400 =0 
F, = 700 1b 
Method of Joints: Using the above results, we will begin by analyzing the equilibrium of joint C, 
and then proceed to analyzing that of joint F. 
Joint C: From the free - body diagram in Fig. b, 


Fg =0 


Fqgp =6501Ib(C) — Ans, 


Joint F: From the free - body diagram in Fig. c, 


EF, =0; tra [ +)-150=0 Far =2251b (T) 


4 4 
*F, =0; 10-225 + )- pe —= |=( 
z 6 80 


FpF = 1229.84 lb = 1230 lb (T) 


2 8 
EF, =0; Fgp + 650— 224 2)- 1229 — |=(0 
y 6 475) 


Far =5251b(C) 
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6-62. If the truss supports a force of F=200N, 
determine the force in each member and state if the 
members are in tension or compression. 


Method of Joints: We will begin by anal yzing the equilibrium of joint A, and then proceed to 
analyzing that of joint B. 
Joint A: From the free - body diagram in Fig. b, 

0.2 


0 lle 


0.5 0.5 
EAS tac (eE 
Solving Eqs. (1) through (3) yields 
Faz = Fac = 220.45N = 220 N (T) 
Fap = 583.10N = 583 N(C) 
Joint B: From the free - body diagram in Fig. b, 


0.5 
EF, =0; 583.1 FE) roms=o 
0.34 


Fgp =707.11N =707N (C) 

EF, =0; Fgg 00845” — Fyr 008 45”=0 
Fe = Fac =F 

EF, =0; 707.11 00845” — 583.1 FE) runs 

Jo34 

F =141.42N 

Thus, 

FE = Fac =141.42N =141 N (T) 
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6-63. If each member of the space truss can support a 
maximum force of 600 N in compression and 800 N in 
tension, determine the greatest force F the truss can 
support. 


Method of Joints: We will begin by analyzing the equilibrium of joint A, and then proceed to 
analyzing that of joint B 
Joint A: From the free - body diagram in Fig. b, 


mo rea) rel 
A 


EF, =0; 


Solving Eqs. (1) through (3) yields 

Fag =2.9155F (C) 

Fac = Far = 1.1023F (T) 

Joint B: From the free - body diagram in Fig. b, 

EF, =0; a9usse| es) Fgp sin45” =0 
Fap = 3.5355F (C) 

EF, =0; Fpg 00845” — Fc 00845” =0 
Fe =Fac =F 


03 
ER, =0, 3.5355F 00845" - 2.9155] == |- 2F sin45* =0 
(3) 


F*=0.7071F Ans, 
Thus, 
FE = Fac =0.7071F (T) Ans. 
From the above results, the greatest tensile and compressive force developed in the members of the 
truss are 1.1023F and 3.5355F, respectively. Thus, 
1.1023F = 800 F =725.T7N 
3.5355F = 600 F =169.71N =170N (controls) 
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*6-64. Determine the force developed in each member of 
the space truss and state if the members are in tension or 
compression. The crate has a weight of 150 lb. 


EE E +9 . 2 a 
= 0.354 F.,i + 0.707 Ej + 0.612 F.¿k 

Fes = 0.354F.g1 + 0.707Foyj + 0.612F;p k 

Eco = - Feoj 

W = -150k 
ER =0; —0.354F., + 0.354F;g = 0 
ER =0; 0.707Fe, + 0.707F:7 — Rep= 0 E 
ER =0; 0.612F2, + 0.612F2 — 150 = 0 te Fes 1504 


Solving : 
Fea = Fes = 122.5 1b = 122 lb (C) 


Fep = 173 1b (T) Ans 


Esa = Fai 


Fes = 122.5 (-0.354i — 0.707 j — 0.612k) 


Pao, 5 
Fap = Fpp cos60% + Fyp sin60* k N F= 122.54 
ca 
Fe y 


Ey 
_T 
43.31 — 86.6] — 75.0k e aa 


Faa + Fap.cos60? — 43,3= 0 


Fapsin60 — 75 = 0 


Fap = 86.6 1b (T) Ans 
Ans 


E,c = 122.5(0.354F, (1 — 0.707F,cj — 0.612E,ck ) Y 


Fra, 
Ay Les Fac= 122,514 
ER =0; Epa cos30? — 0.612(122.5) = 0 E Fas 


0 
En, = 86.6 lb (T) Ans xa 3 
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*6-65. Determine the force in members FE and ED of the 

space truss and state if the members are in tension or 

compression. The truss is supported by a ball-and-socket (+500k;) lb 
joint at C and short links at A and B. (2005) lb 


Joim E : FpG, Fip, and Fpc ase lying in the same plane and Y axis is normal to y 
that plane. Thus 


EF, =0;,  Figcos9=0  Fpg=0 Ans 


Joint E : Feg, Fec, and Fgg are lying in the same plane and x' axis is normal to 
thas plane. Thus 


EF, =0; Fipcosó=0  Fi=0 
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6-66. Determine the force in members GD, GE, and FD 
of the space truss and state if the members are in tension or 
compression. (+500Kk) Ib 


(2005) lb 


Joint G: 


2 3 2 
EA A 
Eco = Foo ( 23 *133)* 13 ) 


4 3 1 
For = For (Zi- Gi + Gx) 


J 


2 3 5) 


Foz = Fos 


casa usais" 


252% 10 (pla) to($)-rm( da) =0 


55 0 no( la) =ro(3)- rea) +20 =0 


12 12 
e alias Foo (5555) + For (55) + For (5735) - 300 = 0 


Solving, 
Fco = - 157b = 1571b(T) Ans 
For = 181 1b(C) 
Fog = S051b(C) Ans 

Joint F: 

Orient the x', y, z' axes as shown. 


IA-=20% Ffp=0 An 


473 


6 Solutions 44918 1/26/09 1:47 PM Page 474 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


6-67. Determine the force P required to hold the 
100-lb weight in equilibrium. 


Equations of Equilibrium: Applying the force equation of equilibrium along the y axis of pulley A on the 
free- body diagram, Fig. a, 


+ TER, =0; 27, - 100=0 Ta = 50 lb 
Applying EF, = 0 to the free - body diagram of pulley B, Fig. b, 
+ TER, =0; 2Tg - 50=0 Tp =25 lb 


From the free - body diagram of pulley C, Fig. c, 
+ TER, =0; 2P-25=0 P =12.51b 


=50lh  le=251b 


(b) (5 
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*6-68. Determine the force P required to hold the 
150-kg crate in equilibrium. 


Equations of Equilibrium: Applying the force equation of equilibrium along the y axis of pulley A on the 
free - body diagram, Fig. a, 


+ TER, =0; 2T4 -150(98)=0 Ty =735.75N 


Using the above result and writing the force equation of equilibrium along the y” axis of pulley C on the free - 
body diagram in Fig. b, 


EF, =0;, 735.75-2P =0 P = 367.88 N =368 N 


150(9:91) N 


(A) 
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*6-69. Determine the force P required to hold the 50-kg 
mass in equilibrium. 


Equations of Equilibriam: Applying the force equation of equilibrium along the y axis of each pulley. 
+ TER, =0; R-3P=0; R=3P 
+ TER, =0; T-3R=0; T=3R =9P 
+ TER, =0, 2P+2R+2T - 509.81)= 0 
Substituting Eqs.(1) and (2) into Eq.(3) and solving for P, 
2P+ X3P)+2(9P)= 50(9.81) 


P= 18.9N 


50(9.3/)N 
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6-70. Determine the force P needed to hold the 20-Ib block 
in equilibrium. 


Pulley C: 


+TEFR, =0, T-2P=0 


Pulley A : 
+TER 20 2P+T-2M=0 


P=3b An 
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6-71. Determine the force P needed to support the 100-Ib 
weight. Each pulley has a weight of 10 lb. Also, what are the 
cord reactions at A and B? 


Equations of Equilibrium : From FBD (a), 
+TER=0, P'-2P-10=0 


From FBD (b), 


+TER=0; 2P+P"-100-10=0 


Solving Eqs.[1] and [2] yields, 


P=25.01b 
P' = 60.0 lb 


The cord reactions at A and B are 


E,=P=250b F,=P'=6001b 
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*6-72. The cable and pulleys are used to lift the 600-lb 
stone. Determine the force that must be exerted on the cable 
at A and the corresponding magnitude of the resultant force 
the pulley at C exerts on pin B when the cables are in the 
position shown. 


Pulley D: 
+TER, 20; 2T-600=0 


T=-I0b Anos 


Pulley B : 


EF, =0  B,- 303in30* = 0 


B, = 1501b 
+TER, =0;  B,-300- 30000830" = 0 


B, = 559.8 


Fa = Y(1S0P + (559.87 = 580 1b 
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e6-73. If the peg at B is smooth, determine the 
components of reaction at the pin A and fixed support C. 


Equations of Equilibrium: From the free - body diagram of member AB, Fig. a, 

(+Ma =0; Ng(0.8)- 900=0 Ng = 1125N 

BER, =0 Ax — 1125008 45”=0 Ax = 795.50N =795N 
+ TER, =0; 1125sin45"-A, =0 Ay =795.50N =795N 


Applying the equations of equilibrium to the free - body diagram of member BC, Fig. b, 
ER, =0, 112500845” -C,=0 Cy = 795.50N = 795N 
+ TER, =0; Cy — 1125sin 45” 500 =0 Cy = 1295.50 N =1.30 kN 
(smc = 0; 1125sin45(1.2)+ 500(0.6)= Mc =0 
Mc =1254.59 N -m=1.25kN -m 
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6-74. Determine the horizontal and vertical components 
of reaction at pins A and C. 


Equations of Equilibrium: From the free - body diagram of member AB in Fig. a, we have 
(+EMA =0; B(5)- 150(3)= 0 B, = 90 1b 
(+2Mp =0; 1502)-A,(5)=0 Ay = 601b Ans. 


BER, =0 A, -B,=0 


From the free - body diagram of the member BC in Fig. b and using the result for B,, we can write 
(+21 c =0; 90(2) + 100sin45%2)-B,(2) = 0 
B, = 160.71 lb 
+ TER, =0; C, — 90- 100sin 45”= 0 
Cy =160.71 lb=161 lb 
160.71-— 100c0s45”-C, =0 
C, = 901b 


Substituting B, =160.71 lb into Eq. (1) yields 
A, = 160.71 lb=161 lb 


6 Solutions 44918 1/26/09 1:47 PM Page 482 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


6-75. The compound beam is fixed at A and supported by 
rockers at B and C. There are hinges (pins) at D and E. 
Determine the components of reaction at the supports. 


Equations of Equilibrium : From FBD(a), 
[+2M¿=0; 30-G(6)=0 C=S.00kN 


+TER =0, E-500=0 E =5.00kN 


5 ER =0; E =0 


From FBD(b), 
B, (4) - 15(2) -5.00(6) =0 
B, =15.0kN 


D + 15.0-15-5.00=0 
D, = 5.00 kN 


g 


> ER =0, D,=0 


From FBD(c), 


fa =0;  M,-5.00(6)=0 
M, =30.0kN-m 


+TER =0; A-500=0 A, =S.00kN 


SER =0; A, =0 
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*6-76. The compound beam is pin-supported at C and 
supported by rollers at A and B. There is a hinge (pin) at D. 
Determine the components of reaction at the supports. 
Neglect the thickness of the beam. 


Equations of Equilibrium : From FBD(a), 


(+2M0 =0; — 4cos30*(12)+8(2)-A, (6) =0 
A, = 9.595 kip = 9.59 kip 


+TER =0;  D+9.595-4cos 30”-8=0 
D, = 1.869 kip 


SER =0; D,-4sin30'=0  D, =2.00kip 
From FBD(b), 


(+20. =0;  1.869(24)+15+ 1(7)o-5, 19 =0 
B, = 8.541 kip = 8.54 kip Ans 


+TER =0; G +8501-1869-12(5)=0 
C, =233 kip 


SIE =0; C -200- n(3)=0 
€, = 9.20 kip 
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*6-77. The compound beam is supported by a rocker at B 
and is fixed to the wall at A. If itis hinged (pinned) together 
at C, determine the components of reaction at the supports. 
Neglect the thickness of the beam. 


Member CB : 


EF, = 0;— - €, + 200008 60” = 0 
C, = 100 
(+2Mc = 0; -200 sin 60” (8) + B, (12) - 4000 = 0 
B, = 4488b =4409Db  Ans 
¡67 


+TER, =0; CG - 200sin60” + 448,8 = 0 


G, = -215.6 


s 
dis 3)+100=0 


A, = 92.3 Ib Ans 


12 


A 3)+215: =0 


A =186b  Ans Cx=/00lb 
Ga 0 4-50 E 0) +7755(8) =0 


Mi =359D-f Ans 


Cy =275.61b 
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6-78. Determine the horizontal and vertical components 
of reaction at pins A and C of the two-member frame. 


Free Body Diagram : The solution for this problem will be simplified if 
one realizes that member BC is a two force member. 
Equations of Equilibrium : 

2co(3)=600N 


£+2M, =0; — Fñecos45%(3)-600(1.5) =0 
Fac = 424.26 N 


+TER =0; A, +424.26c0s 45” 600 =0 
A, =300N 


SIR =0;  424.265in45-A, =0 


A, = 300 N 


For pin C, 
€, = Faesin 45" = 424,265in 45? = 300 N 
G, = Faecos 45% = 424.26c08 45" = 300 N 
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6-79. If a force of F = 50N acts on the rope, determine 
the cutting force on the smooth tree limb at D and the 
horizontal and vertical components of force acting on pin A. 
The rope passes through a small pulley at C and a smooth 


ring at E. 


Equations of Equilibrium: From the free - body diagram of pulley Cin Fig. a, 
+ TER, =0; Fac -5S0-50=0 Fac = 100N 


From the free - body diagram of segment BAD in Fig. b and using the result Fgr = 100N, 


(42M, =0; Np (30) 100(100) = 0 Np =333.33N =333N 
HXR =0 333.33- A, =0 Ay = 333.33 N =333 N 
+ TEE, =0; Ay - 100 =0 Ay =100N 
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*6-80. Two beams are connected together by the short 
link BC. Determine the components of reaction at the fixed 
support A and at pin D. 


B D 
| 3m | 
15m 15m 


Equations of Equilibriam: First, we will consider the free - body diagram of member BD 
in Fig.a. 
(Mo =0 10(1.5)— Fc (3)= 0 
Fac =5kN 
DER, =0 D,=0 
(¿Ma =0; Dy(3)- 101.5) = 0 
D, =5kN 


Subsequently, the free - body diagram of member AC in Fig. b will be considered using the 
result Fgc =SkN. 
LER, =0, A, =0 Ans. 
+ TER, =0; Ay -12-5=0 
Ay =17 kN 
(Ma =0; MA -1AD-X4)=0 
Ma =32kN -m 
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*e6-81. The bridge frame consists of three segments which 2 kip/ft 
can be considered pinned at A, D, and E, rocker supported 
at C and F, and roller supported at B. Determine the 
horizontal and vertical components of reaction at all these 
supports due to the loading shown. 


For segment BD : 


(HEMo =0: 200X15)-B,(30)=0  B,=30kip Ame 
5 EF, =0; D, =0. Ana 
+TEFR =0; D,+10-230)=0 D,=30kip Ans 

For segmen ABC : 

(EA =0: 6 (5-2191.5)-3019)=0 CG =135kip Am 
5 EF, =0; A =0 

+TER =0;  -A +135-2159-30=0 A, =75kip 


For segment DEF : 


£+IMp=0;  —E(9+219X7.5)+30(19)20  F,=135kip 


SER, =0; E, =0 


+TEF,=0;  -E+135-219-30=0 E,=75kip 
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6-82. If the 300-kg drum has a center of mass at point G, 
determine the horizontal and vertical components of force 
acting at pin A and the reactions on the smooth pads C 
and D. The grip at B on member DAB resists both 
horizontal and vertical components of force at the rim of 
the drum. 


Equations of Equilibrium: From the free - body diagram of segment CAE in Fig. a, 


(+24 A =0; 300(9.811(600c08 30) — Nc(120)= 0 
Nc = 12743.56 N =12.7kN 
FEF, =0 A; — 12 743.56 =0 
A, =12 743.56N =12.7kN 
+ TER, =0; 300(9.81)—A, =0 
Ay = 2943N =2.94kN Ans. 


Using the results for A, and A, obtained above and applying the moment equation of equilibrium 
about point B on the free- body diagram of segment BAD, Fig. b, 


(¿Mp =0; 12 743.56(60)- 2943(100) - Np(450)= 0 
Np =1045.14 N =1.05kN Ans, 


P=300(G81)N 
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6-83. Determine the horizontal and vertical components 
of reaction that pins A and C exert on the two-member arch. 


-2:(0.5) +B, (1.5) - B, (1.5) = 0 


B, (1.5) + B, (1.5)- 1.5(1) =0 


B, =0.8333kN = 833 N 


B, = 0.1667 kN = 167 N 


=A. +167 =0 
A =167N  Ans 
A, - 2000 + 833 = 0 


A, =1.17kN  Ans 


- CG, + 1500 - 167= 0 
CG =133kN  Ans 
+TIR, =0 CG -83=0 


G =833N  Ans 
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*6-84. The truck and the tanker have weights of 8000 lb 
and 20000 lb respectively. Their respective centers of 
gravity are located at points G, and G». If the truck is at 
rest, determine the reactions on both wheels at 4, at B, and 
at C. The tanker is connected to the truck at the turntable 
D which acts as a pin. 


B 
10 ft —p— 9 ft— 


Equations of Equilibrium: First, we will consider the free - body diagram of the tanker in Fig. a. 


(Mp =0 20 000(10) —N 4(25)= 0 
Na = 8000 lb 
1 =0 D,=0 
+ TER, =0; D, +8000 - 20 000 =0 
D, = 12.000 1b 


Using the results of D, and D, obtained above and considering the free - body diagram of the truck in 
Fig. b, 


(Mp =0 N (14) - 80009)= 0 
Nc = 5142.86 lb=5143 lb 
+ TER, =0; Np +5142.86 - 8000 - 12000 = 0 
Ng = 14 857.141b=14857 lb 


20000 1b | Dy =/2000lb_ 80900 Ib 
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*e6-85. The platform scale consists of a combination of 
third and first class levers so that the load on one lever 
becomes the effort that moves the next lever. Through this 
arrangement, a small weight can balance a massive object. 
If x =450mm, determine the required mass of the 


counterweight $ required to balance a 90-kg load, £L. 
C||D 


o o 


150 mm 
350 mm Ss 


A 


Equations of Equilibrium: Applying the moment equation of equilibrium about point A to the free - body 
diagram of memberAB in Fig. a, 


Gu A=0; FG (500) 90(9.811150) = 0 
FG = 264.87 N 


Using the result of Fgg and writing the moment equation of equilibrium about point F on the free- body diagram 
of member EFG in Fig. b, 


(42M 5 =0; Fgp (250) 264.8X150)=0 
Fip = 158.922 N 


Using the result of Fgp and writing the moment equation of equilibrium about point C on the free - body diagram 
of member CDI in Fig. c, 


(+Mc =0; 158.92X100)- m,(9.81)(950)= 0 
m,= 1.705 kg=1.71 kg 


Fzp7/28.92% N 


50 mm 


Feo ¡£, 1597264: gíN 
b) 


GOCT-Bl) N 
(a) 
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6-86. The platform scale consists of a combination of 
third and first class levers so that the load on one lever 
becomes the effort that moves the next lever. Through this 
arrangement, a small weight can balance a massive object. If 
x = 450 mm and, the mass of the counterweight S is 2 kg, 


determine the mass of the load £L required to maintain the 
C||D 


balance. 


9 o 


150 mm 
350 mm 


9 


A 


Equations of Equilibrium: Applying the moment equation of equilibrium about point A to the free - body 
diagram of member AB in Fig. a, 


(uu, =0; FaG (500) — ML (9.81X150)= 0 
FaG = 2.943 lb 


Using the result of FG and writing the moment equation of equilibrium about point F on the free - body diagram 
of member EFG in Fig. b, 


(47 =0; Fep (250) - 2.943m , (150) = 0 
Fgp = 1.7658my, 


Using the result of Fey and writing the moment equation of equilibrium about point C on the free - body diagram 
of member CDI in Fig. c, 


(mc =0; 1.7658m, (100) - X9.81X950)= 0 
m | = 105.56 kg = 106 kg 


Ss 


JB 


Ez 


Fep=1:7658 M, 


850) mm 


/0O0mm 
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6-87. The hoist supports the 125-kg engine. Determine 
the force the load creates in member DB and in member 
FB, which contains the hydraulic cylinder H. 


Free Body Diagram : The solution for this problem will be simplified if 
One realizes that members FB and DB are twodorce members. 


Equations of Equilibrium : For FBD(a), 


(+IM,=0; — 1226.25(3)- Fig jo =0 
Fig = 1938.87 N = 1.94 kN 


125(981) 
1az620N.  “) 


3 
+ TER =0; wm 7=)- 1226.25-E =0 
10 


E = 613.125N 


» 1 
SER =0; -1938.87| = |=0 
Ñ (7) 
E, = 613.125 N 
From FBD (b), 


(+20 =0; 613.125(3) - Fapsin 45(1) =0 
Fap = 2601.27 N = 2.60 kN 
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*6-88. The frame is used to support the 100-kg cylinder E. 
Determine the horizontal and vertical components of 
reaction at A and D. 


Eqguations of Equilibrium: Member DC is a two -force member. 


D, =0 Ans. 


Consider the free - body diagram of member AC in Fig. a. 


D,(0.6)— 981(1.2)+ 981(0.6)= 0 
D¿=981N 


A; — 91-981=0 
A, = 1962 N 
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*6-89. Determine the horizontal and vertical components 
of reaction which the pins exert on member AB of the frame. 


-300 sin 60* (9) + $ Pao (6) 2 


Fap = 162.4 1b 


a - 21624) =94b  Ans 
4 
B, = 7(162:9) = 1301b Ana 


5 XF, =0; — 200 cos 60" + (1624) +4, =0 


A. =526lb  Ans 


+TIR =0 4 300 sin 60* + $ (1624) =0 


A =10Db Ass 
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6-90. Determine the horizontal and vertical components of 
reaction which the pins exert on member EDC of the frame. 


Member AB : 


(a “0 -200 sin 60 (3) + $ Fan (6) =0 


Fap = 1624 


Member EDC : 
4 4 
ed = 0 906) - (16200) + fo 0) = 0 


Fa = 1412.4 lb 


SI =0 E -1624(3)- 14124(3)=0 


E,=M3b  Ans 


Ex 


+TIR 20  -E, +14124(5)-1624(5)-50=0 
E, = 50 Ane 


PinD: 
. 3 3 
>EF,=0 D, -5(1624) - 3 04124) =0 
D,=%5b Anos 
4 4 
+TIA =0  -D,- ¿104)+ ¿(1412.4) =0 


D, = 1000b Ame 
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6-91. The clamping hooks are used to lift the uniform 
smooth 500-kg plate. Determine the resultant compressive 
force that the hook exerts on the plate at A and B, and the 
pin reaction at C. 


P=5(500K 981) 
= 24 52 a 


(¿ze 2 0; MN, (80) — 2452.5(150) = 0 


Na = 4598.4N = 4.60kN  Ans 
+TEF, =0; 24525 + 4598.4- CG, =0 
G, =7050.9N =7.05kN  Ans 


CB is a two- force member. 


M=G =7.05kN — Ans 
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*6-92. The wall crane supports a load of 700 lb. Determine 
the horizontal and vertical components of reaction at the pins 
A and D. Also, what is the force in the cable at the winch W? 


Pulley E : 
+TEF,=0; 2T-700=0 
T=350Db An 


Member ABC : 


(szMa =0; Top sin4S* (4) - 350 sin 60" (4)- 7008) = O 


Tap = 2409 lb 
+TEF, =0;  -A, + 2409 sin 45” — 350 sin 60? 700 = 0 
A =700b  Ans 
DEF, = 0; A, - 2409008 45” - 350c08 60” +350- 350 = 0 
A. = 1.88kip Ans 
AD: 
D, = 2409 c08 45” = 1703.1b = 1.70kip  Ans 


D, = 2409 sin 45” = 1.70kip Ans 
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e6-93. The wall crane supports a load of 700 lb. 
Determine the horizontal and vertical components of 
reaction at the pins A and D. Also, what is the force in the 
cable at the winch W? The jib ABC has a weight of 100 lb 
and member BD has a weight of 40 lb. Each member is 
uniform and has a center of gravity at its center. 


Pulley E : 


+TIF, 20; 


Member ABC : 
GI = 0 B, (4) - 700 (8) - 100 (4) - 350 sin 60? (4) = 0 
B, = 1803.11 
+TEF, =0;  -A, - 350sin60- 100 - 700 + 1803,1 = 0 
A =700lb Ans 


DIFE =0 A - 35000560" - B, + 350- 350 = 0 


A=B,+115 (0 Ax 


Member DB : 
(Eo = 0: - 40 (2) - 1803.1 (4) + B,(4) = 0 
B, = 1823.11 
SIR, =0  -D,+1823.1=0 
D, = 1.82kip Ans 
+TIF,=0 D,-4%- 183.1 =0 
D, = 1843.1 =1.34kip  Ans 


From Eq. (1) 
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6-94. The lever-actuated scale consists of a series of 
compound levers. If a load of weight W = 150 lb is placed 
on the platform, determine the required weight of the 
counterweight S to balance the load. Is it necessary to place 
the load symmetrically on the platform? Explain. 


Equations of Equilibrium: First, we will consider the free - body diagram of the platform in Fig. a. 
(Mp =0 150x)-Gy(15)=0 
Gy = 10x 
+ TER, =0; Dy +10x-—150=0 
Dy = 150-10x 


From the free - body diagram of member CDE in Fig. b, 
(+2Mc =0; (150 — 10xX1.5)- Fey (9) = 0 
Fey = 25-1.6667x 


From the free - body diagram of member FGHT in Fig. €, 
(+24 7 =0; Fi (21)- (25 — 1.6667xX9)- 10x(1.5) = 0 
Fjy =10.71 lb 


Finally, from the free - body diagram of member JKL in Fig. d, 


(Mx =0 W,(4)—10.7K1.25) =0 
W, = 3.348 lb = 3.35 lb Ans. 


This result shows that W, is independent of the position x of the load on the platform. Thus, 
the load can be placed at any position on the platform. 


I501b 
p 


Fs =/0'7/ Nh 


(A) 


Fay" 25-/6667X 
(C) 
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6-95. If P = 75N, determine the force F that the toggle 
clamp exerts on the wooden block. 


Equations of Equilibrium: First, we will consider the free - body diagram of the upper handle in Fig. a. 


B,(50)-— 73140) = 0 
B,=210N 

210-A, =0 

A, =210N 

By -Ay-75=0 () 


Using the result for B, and applying the moment equation of equilibrium about point C on the free - body diagram 
of the lower handle in Fig. b, 


(¿Mc =0; 210(50)+ 7X160)- B,(20)=0 
B, = 1125N 


Substituting B, =1125 N into Eq. (1) yields 
Ay =1050 N 


Writing the moment equation of equilibrium about point D on the free - body diagram of the clamp shown in Fig. c, 


(¿Mp =0 105085) -210(50)- F (140) = 0 
F =562.5N 


Ay=/050N 
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*6-96. If the wooden block exerts a force of F = 600 N 
on the toggle clamp, determine the force P applied to the 
handle. 


Equations of Equilibrium: First, we will consider the free - body diagram of the upper handle in Fig. a. 


(+2, =0: B,(50)— P(140)=0 
B,¿=28P 
BER, =0 2.8P-A, =0 
A; =2.8P 
+ TER, =0; B¿-Ay-P=0 () 


Using the result of B, and applying the moment equation of equilibrium about point C on the free - body diagram 
of the lower handle in Fig. b, 


(mc =0; P(160)+ 2.8P(50)- B,(20)= 0 
B, = 15P 


Substituting B, = 15 Pinto Eq. (1) yields 
Ay =14P 


Writing the moment equation of equilibrium about point D on the free - body diagram of the clamp shown in Fig. c, 


(Mp =0 14P(85)-2.8P(50) - 600(140)= 0 
P=80N Ans. 
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+6-97. The pipe cutter is clamped around the pipe P. If 

the wheel at A exerts a normal force of F¿ = 80 N on the 

pipe, determine the normal forces of wheels B and C on RT 
the pipe. The three wheels each have a radius of 7 mm and IN | 
the pipe has an outer radius of 10 mm. ' 


MS 
ON 


10 
8 = sin" '((—) = 36.03 
74 


Equations of Equilibrium. : 


+TER =0; Ny sin 36.03" — Nosin 36.03% = 0 
Na =NG 

SIE =0; — 80-N¿cos 36.03 -N¿cos 36.03% = 0 
Na = Ne =495N Ans 


504 


6 Solutions 44918 1/26/09 1:47 PM Page 505 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


6-98. A 300-kg counterweight, with center of mass at G, is 
mounted on the pitman crank AB of the oil-pumping unit. 
If a force of F = 5 kN is to be developed in the fixed cable 
attached to the end of the walking beam DEF, determine 
the torque M that must be supplied by the motor. 


Equations of Equilibrium: Applying the moment equation of equilibrium about point E to the free - body 
diagram of the walking beam in Fig. a, 


(+2M £ =0; Fgp <os 301.75) — 5000(2.5)= 0 
Fop = 8247.86N 


Using the result of Fcp and applying the moment equation of equilibrium about point A on the free - body 
diagram of the pitman crank in Fig. b, 


(+2M A=0; 8247.86(0.65) — 300(9.81)c0s 301.15) -M =0 
M = 2430.09 N -m= 2.43 kN -m 


6 Solutions 44918 1/26/09 1:47 PM Page 506 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


6-99. A 300-kg counterweight, with center of mass at G, is 
mounted on the pitman crank AB of the oil-pumping unit. 
If the motor supplies a torque of M = 2500 N * m, determine 
the force F developed in the fixed cable attached to the end 
of the walking beam DEF. 


Equations of Equilibrium: Applying the moment equation of equilibrium about point A to the free - body 
diagram of the pitman crank in Fig. a, 


(+2MA =0; Fep (0.65) - 300(9.81)c0s 30(1.15)-—2500=0 
Fep = 8355.41 N 


Using the result of Fry and applying the moment equation of equilibrium about point E on the free - body 
diagram of the walking beam in Fig. b, 


(+EM y =0; 8355.41 00530(1.75)— F(2.5)= 0 
F = 5065.20 N =5.07 kN 


3% E 
for B3254IN “Y 


6 Solutions 44918 1/26/09 1:47 PM Page 507 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*6-100. The two-member structure is connected at C by a 
pin, which is fixed to BDE and passes through the smooth 
slot in member AC. Determine the horizontal and vertical 
components of reaction at the supports. 


Member AC : 
fm =0 Ne(5)-600=0 


Ne = 120 
51, =0 A-10(7)=0 
A =96b  Ans 
TER =0 -4+1m0(3)=0 


A =7b  Ans 


Member BDE : 


(+EMe = 0 50018) + 120 Gjo-2a=0 


D, = 2180b=2.18kip  Ans 
. 4 
5 ER =0 - E, + 120 (5) =0 

E, =9%lb  Ans 
+TEF, =0; - 500 - 120 (5) + 2180 - E, =0 


E, = 1608b=1.61kip  Ans 
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+6-101. The frame is used to support the 50-kg cylinder. 
Determine the horizontal and vertical components of 
reaction at A and D. 


Equations of Equilibrium: First, we will consider memberABC . 


(2 =0; Cy (1.6)- 509.81X0.7)— 50(9.81X1.7) =0 
Cy = 735.75N 
+ TER, =0; Ay + 735.75- 50(9.81) — 509.81) = 0 
Ay =245.25N = 245N 


2,xF, =0 C;- Ar =0 


Subsequently, we will consider memberCD. 


(+2Mp =0 C;(1.2)+ 509.81X0.7)- 735.731.6)=0 
C, = 694.875N 
+ TER, =0; Dy +50(981)-735:75=0 
D, =245.25N =245N 
5 xr, =0 D; -694.875=0 
Dy = 694.875 N =695N 


Substituting C, = 694.875 N into Eq. (1) yields 
Ay = 694.875N =695N 
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6-102. The frame is used to support the 50-kg cylinder. 
Determine the force of the pin at C on member ABC and 
on member CD. 


Equations of Equilibrium: The horizontal and vertical components of force on members CD and 
ABD are denoted as Cz , Cy, Cx', and Cy”, respectively. Writing the moment equation of equilibrium 
about point A, 


(au, =0; Cy (1.6) 5 9.81X0.7)- 509.81X1.7) =0 
Cy =735.75N 


Using this and applying the moment equation of equilibrium about point Dof member CD, 


(mp =0 €, (1.2)+ 509.81X0.7)- 735.731.6)= 0 
C, = 694.875N 


Using the results of C, and C, and considering the free - body diagram of pulley C, 


694.875 —5U9.81)-C,: =0 
Cy: = 204375 N 

735.75 -SU981)-Cy: =0 
Cy” = 24525 N 


Thus, the force at pin C on members CD and ABC are given by 


Ro = Je? +Cy? = 694377 + 735.78 =1012.01N =1.01 kN 


Fac = [c.? +Cy? = 1204375? 4245.25” = 319.24 N =319N 


694.878N 


509,81) N 
735:75N 


(2) 
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6-103. Determine the reactions at the fixed support £ and 
the smooth support A. The pin, attached to member BD, 
passes through a smooth slot at D. 


Member BD : 

(2% - 0: 00:0.3) - Mo (3) 0.5 = 0 
No = S00N 

DIA 20 3-60) =0 
B, = 40N 

+ TER, =0; - 600 +3, - 30500) =0 
B, = 90N 

Member ABC : 

are = 0: 900 (0.3) - 400 (0.4) — Ay (0.6) = 0 
A =183.33 =183N Ama 

SIR, =0 -400+G =0 
G, = 400N 

+TIF, =0, 183,33-90+C, =0 


G, = 716.67N 
Member CDE : 
EF =0; - 400 + s00(7) + 5, =0 


E, =0 An 


+TEF, =0; - 11667 + 00 (3) + 5, =0 


E, =417N-— Ans 
Qu = 0 — Mg — 500(0.5) + 400 (0.8) + 716.67 (0.6) = 0 


Mg = S0O0N-m  Ans 
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*6-104. The compound arrangement of the pan scale is 
shown. If the mass on the pan is 4 kg, determine the 
horizontal and vertical components at pins A, B, and C and 

the distance x of the 25-g mass to keep the scale in balance. A 


l 350 mm »| 


Free Body Diagram : The solution for this problem will be simplified if 
onc realizes that members DE and FG are two-force members. 


Equations of Equilibrium : From FBD (a), 
fm =0;  KBg(375)-39.24(50) =0 


+TER=0; A,+5.232-39,24=0 
A, =34.0N A 
. ngo1)=2924N 
>3ER =0; A, =0 (a) 
From (b), Sl 
Ex 
(42M¿=0: — Frg(300)-5.232(75)=0 — Frg=1.308N 


+TER =0; CG -1308-5.232=0 300 mm 
Í G =6.54N Fs ee he= 5232 Ñ 
(b) 


EE =0; C,=0 
Fg=1308N 
From (c), 8 

Ko 


(2 =0; — 1.308(100) -0.24525(825-x) =0 
x =292 mm 


+TIR =0;  1.308-0.24525-B, =0 0.025(981) 
B, = 1.06 N OASIS N 


SER =0; B,=0 
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*6-105. Determine the horizontal and vertical components 
of reaction that the pins at A, B, and C exert on the frame. 


The cylinder has a mass of 80 kg. 


Equations of Equilibrium : From FBD (b), 


(+24, =0, — 7848(17)-G (1) =0 
G, = 1334.16 N = 1.33 kN 


+ TER =0;  B,+784.8-1334.16=0 
B, = 549 N 


SER =0; € -B,=0 


From FBD (a), 


(+2M, =0; — C,(0.5)+1334.16(1) —784.8(1.7) -784.8(1.9) =D 
€, = 2982.24 N = 2.98 kN Ans 
+TER =0; A, +1334.16-784.8-784.8 =0 (a) 


A, =235N 
80(981) = 784.914 


SER =0; A, -2982.24=0 
A, =2982.24N =2.98 kN 


Substitute C, = 2982.24 N into Eq.[1] yields, 


B, = 2982.24 N = 2.98 kN 
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6-106. The bucket of the backhoe and its contents have a 
weight of 1200 lb and a center of gravity at G. Determine 
the forces of the hydraulic cylinder AB and in links AC and 
AD in order to hold the load in the position shown. The 
bucket is pinned at E. 


Free Body Diagram : The solution for this problem will be simplified if 
one realizes that the hydraulic cyblinder AB, links AD and AC are two» 
force members. 

Equations of Equilibrium : From FBD (a), 


(+20, =0; — Ejccos 60%(1) + E,csin 609(0.25) 
- 1200(1.5) =0 


Fic = 2512.19 lb=2.51 kip Ans 
Using method of joint [FBD (b)], 


+TEE =0;  2512.19sin60*-F,ycos 45 =0 
E,» = 3076.79 Ib = 3.08 kip Ans 


SER =0;  F,p-3076.79sin 45" -2512.19c0s 60? = 0 
Ep = 3431.72 lb = 3.43 kip Ans 


Fi=2512:19 y 
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6-107. A man having a weight of 175 lb attempts to hold 
himself using one of the two methods shown. Determine the 
total force he must exert on bar AB in each case and 
the normal reaction he exerts on the platform at C. Neglect 
the weight of the platform. 


97.S1b £7.SIb 


2(F/2) — 287.5) = 0 
E 
F = 1751 Ans e 


$5 
Nc — 175 — 287.5) = 0 


Nc = 3590  Ans 


2(43.75) - UF/2) =0 


F = 87,5 lb Ans 


Ne - 175 + 2(43.75) = 0 


Nc = 87.5 lb Ans 
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*6-108. A man having a weight of 175 lb attempts to hold 
himself using one of the two methods shown. Determine the 
total force he must exert on bar AB in each case and the 
normal reaction he exerts on the platform at C.The platform 
has a weight of 30 lb. 


102.515 


304 
154 


UF/2) - 102.5 — 102.5 = O 


F = 205 lb Ans 


N¿ - 175 - 102.5 — 102,5 = 0 


N¿ = 3801b Ans 


AF/2) - 51.25 - 51.25 = 0 


F = 1021 Ans 


Ne — 175 + 51.25 + 51.25 = 0 


No = 7251 Ans 
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e6-109. If a clamping force of 300 N is required at A, 
determine the amount of force F that must be applied to the 
handle of the toggle clamp. 


Equations of Equilibrium: First, we will consider the free - body diagram of the clamp 
in Fig. a. Writing the moment equation of equilibrium about point D, 


(+24) =0 €, (60) -300(235) = 0 
C, =1175N 


Subsequently, the free - body diagram of the handle in Fig. b will be considered. 


(uc =0; Fgg 00s30(70)— Fgg sin30%30)- Foos 30275008 30? +70) 
F sin30275sin 30%) = 0 
45.62F pg — 335.62F = 0 (0) 
ER, =0, 1175+ Fsin30?— Fpg sin 30?= 0 
0.5Fgg — 0.5F= 1175 


Solving Eqs. (1) and (2) yields 
F =369.69N =370N 
Far = 2719.69 N 
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6-110. Ifa force of F = 350 N is applied to the handle of 
the toggle clamp, determine the resulting clamping force at A. 


Equations of Equilibrium: First, we will consider the free - body diagram of the handle 
in Fig. a. 


(+Mc =0; Fgg 0083070) Fgg sin30%30)- 350008 30% 275008 30? + 70) 
-350sin30%(275 sin30?) = 0 
Fag =2574.81N 
C, — 2574.81sin 30? + 350sin 30 = 0 
C, =1112.41N 


Subsequently, the free - body diagram of the clamp in Fig. b will be considered. Using the 
result of C, and writing the moment equation of equilibrium about point D, 


(Mp =0 1112.41(60)— NA(235)=0 
Na = 284.01 N = 284N 
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6-111. Two smooth tubes A and B, each having the same 
weight, W, are suspended from a common point O by means 
of equal-length cords. A third tube, C, is placed between A 
and B. Determine the greatest weight of C without 
upsetting equilibrium. 


Free Body Diagram : When the equilibrium is about to be upset, the 


reaction al B must be zero (N¿ = 0). From the geomeny, $ cos [7) 
7 


= 48.19% and 0 =c0s”' (2) =75.52>. 


Equations of Equilibrium : From FBD (a), 
SER =0;  Tcos75.52*-N¿cos 48.19" =0 
+TER =0;  Tsin75.52*-Ngsin48.19-W=0 


Solving Eq.[1] and [2] yields, 


T=1.452W  N¿=0.5445wW 
From FBD (b), 


we 
+ TIE =0;  2(0.5445Wsin 48.19%) - W¿ =0 
W¿ =0.812W 
: — 6) 
. Psgg yg" P=48-19* 


NE=O-5445 wW Ne =0-5445 WwW 
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*6-112. The handle of the sector press is fixed to gear G, 
which in turn is in mesh with the sector gear C. Note that 
AB is pinned at its ends to gear C and the underside of the 
table EF, which is allowed to move vertically due to the 
smooth guides at £ and F. If the gears only exert tangential 
forces between them, determine the compressive force 
developed on the cylinder S when a vertical force of 40 N is 
applied to the handle of the press. 


=40 (0.5) + Fcg (0.2) = 0 


Fco = 100 N 


100(1) - Esa (Je “6 


Fa = 297.62 N 


291.02 (2%) -ñ =0 


Fi =286N  Ams 
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*6-113. Show that the weight W, of the counterweight at 
H required for equilibrium is W;, = (b/a)W, and so it is 
independent of the placement of the load W on the 
platform. 


Equations of Equilibrium: First, we will consider member BE. 
(24 =0; W)-9[30+3c)=0 
Wx 


Ng= 
EM 
4 


Wx 


+ TER, =0; FEF + 3 -W=0 
(+2) 


Xx 


3b+ Ze 


Fef =W| 1- 


Using the resultfor Ng and applying the moment equation of equilibrium about point A, 


Gm, =0; Foto (35)-0 
D+=c 
4 
Wx 


12b+3c 
Writing the moment equation of equilibrium about point G, 


Fop = 


Wx x 
EM =0; A = % - 
(M6 eres rodada El sl id dd 
4 
Ans. 


This result shows that the required weight W, of the counterweight is independent of the position x of the load 
on the platform. 


wW 
Ze | 3b+%c fer 
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6-114. The tractor shovel carries a 500-kg load of soil, 
having a center of mass at G. Compute the forces developed 
in the hydraulic cylinders /J and BC due to this loading. 


500C9-81)N 


— 0009.81) (0.4) + Fry (Foo. Frn (ajo .0 


Fr = 5052.92 N 


1) m 


Eu (25) - 5052.92 (ajo 


- sosa 5) =0 


Fi, = 9059 N = 9.06kN(T) Ans 


- 500(9.81) (1.1) + Fac (0.35) = 0 


Fac = 15415.7N = 154kN(C)  Ans 
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6-115. Ifa force of P = 100 N is applied to the handle of 
the toggle clamp, determine the horizontal clamping force 
N, that the clamp exerts on the smooth wooden block at E. 


Equations of Equilibrium: First, we will consider the free- body diagram of the handle in 
Fig. a. 


(Mz =0; Fgp sin30( 60)- 100(160) = 0 
Fyp = 533.33 N 
ER, =0 100sin30-—B, =0 
B,= 50 N 
+ TER, =0; 533.33 100c0s 30” —B, =0 
By, = 446.73 N 
Using the results of B, and B, obtained above and applying the moment equation of equilibrium 


about point A on the free - body diagram of the clamp in Fig. b, 


(+2M, =0; 446.7X5000s 45") 50(SOsin45")—Ng (75) =0 
Ng = 187.02N =187N 
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*6-116. If the horizontal clamping force that the toggle 
clamp exerts on the smooth wooden block at E is 
Nz = 200 N, determine the force P applied to the handle of 
the clamp. 


uN E 
E 


Equations of Equilibrium: First, we will consider the free - body diagram of the handle in 
Fig. a. 


(Mz =0; Fgp sin30( 60) — P(160) = 0 
Fop = 5.333P 
P sin30”—B, =0 
B,=0.5P 
+ T ER, =0, 5.333P — P c0s30”— By =0 
By, = 4.4673P 
Using the results of B, and B, obtained above and applying the moment equation of equilibrium 
about point A on the free - body diagram of the clamp in Fig. b, 


(+2M A=0; 4.4673P(5000s 45%) — 0.5P(S0sin45*) - 200(75) = 0 
P =106.94 N =107N 
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*6-117. The engine hoist is used to support the 200-kg 
engine. Determine the force acting in the hydraulic cylinder 


AB, the horizontal and vertical components of force at the 350 mm 
¡a 1250 mm Al ¡DADAS 
a O 


A 


pin C, and the reactions at the fixed support D. 


Free Body Diagram : The solution for this problem will be simplified if 
one realizes that member AB is a two force member. From the geometry, 


La = /3507 + 8502 - 2(350)(850)c0s 80" = 861.21 mm 


sinó sin 80? 


— == _—_— =76.41* 
0 aa 97764 


Equations of Equilibrium : From FBD (a), 


(+ EM¿=0;  1962(1.60) -F, gsin 76.41%(0.35) =0 
F,y = 9227.60 N =9.23 kN 


C, -9227.60c0s 76.41" =0 
C, = 2168.65 N=2.17 kN 


+TER =0;  9227.60sin76.41*-1962-C, =0 
G, =7007.14 N =7.01 kN 


From FBD (b), 
SER =0; D, =0 


+TER=0; D-1962=0 M5 
D, = 1962 N = 1.96 kN (160-140 Sini0")m 


(+ 204 =0: 1962(1.60— 1.40 sin 109) - Mp =0 
Mp = 2662.22 N -m= 2.66 kN -m 
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6-118. Determine the force that the smooth roller C 
exerts on member AB. Also, what are the horizontal and 
vertical components of reaction at pin 4? Neglect the 
weight of the frame and roller. 


- L+2M, =0; -60 + D,(0.5) = 0 6041 
D, = 1201 
DER =0 A,=10Mb Ans 
+TER =0; A, =0 Ans 
(+EM, =0; —Ne(4) + 120(0.5) = 0 


Nc = 15.0 1b Ans 


6-119. Determine the horizontal and vertical components 
of reaction which the pins exert on member ABC. 


SERE =0; A, = 801b Ans 


+ TIA =0; A, = 80 1b Ans 20% hy 


(+EM¿ =0; 80(15) — B,(9) = 0 
B, = 1333 =1331b  .Ans 
(+EM, =0; —80(2.5) + 133.(9) - B,(3) = 0 
B, = 3331b Ans 
SER =0; 80+333-G, =0 
C, = 4131 
+TER =0; -80 + 1333 - C, =0 


G, = 53.3 1b 
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*6-120. Determine the couple moment M that must be 
applied to member DC for equilibrium of the quick-return 
mechanism. Express the result in terms of the angles q 
and 0, dimension L, and the applied vertical force P. The 
block at Cis confined to slide within the slot of member AB. 


From FBD (a) 


om =0; mee 


sin 


4PcosÓsin0 
sing 


)-rcstcoso, =0  Ne= 


From FBD (b) 


ms 


fEmo =0:  M- [cos(4 - 6)]L =0 


4PLcos Ósin9 
M= a Tono -6)] 


, PLsin20 
sing 


a 
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e6-121. Determine the couple moment M that must be 
applied to member DC for equilibrium of the quick-return 
mechanism. Express the result in terms of the angles $ 
and 6, dimension L£, and the applied force P, which should 
be changed in the figure and instead directed horizontally 
to the right. The block at C is confined to slide within the 
slot of member AB. 


AP sin? 9 


Lsing Di . 
== P(4Lsin0)=0 Ne y 


4Psi 
sin 


A cos(g-0]L=0 


2 
ma *PLsin 9 rcos(9 -8)] 


sing 
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6-122. The kinetic sculpture requires that each of the 
three pinned beams be in perfect balance at all times during 
its slow motion. If each member has a uniform weight 
of 2 lb/ft and length of 3 ft, determine the necessary 
counterweights W,, W», and Wz which must be added to the 
ends of each member to keep the system in balance for any 
position. Neglect the size of the counterweights. 


W,(1c0s0) — 6(0.5c0s0) = O 
W =31lb Ans 
R-3-6=0 


est 
ida A 


W,(1cos$) — 6(0.5cos$) - 9(2c0s0) = 0: a Rs 


W, = 211 Ans 

Rp - 21-6-9=0 

R, = 361b 

36(2c08p) + 6(0.5co0sp) — W,(1cosp) = 0 


W=75b Ans 
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6-123. The four-member “A” frame is supported at A and 
E by smooth collars and at G by a pin. All the other joints 
are ball-and-sockets. If the pin at G will fail when the 
resultant force there is 800 N, determine the largest vertical 
force P that can be supported by the frame. Also, what are 
the x, y, z force components which member BD exerts on 
members EDC and ABC? The collars at A and E and the 
pin at G only exert force components on the frame. 


GF is a two - force member, so the 800 - N force acts along the axis of GF. Using.FBD (a), 


EM, =0; — P(1.2)+ 800 sin 45” (0.6) = 0 
P=283N Ans. 


—Ay(0.3)+ Ey(0.3)= 0 
—Ay Ey +800 sin 45" =0 
Ay = Ey = 283N 
A(0.6)+ E¿(0.6)- 28X(0.6) =0 
AL03)-E.(03)=0 
A; = E, = 118N 


- By —Dy +800sin45 =0 
D,(03)-B,(03) =0 
B,=D,=283N  Ans. 


—B, — D¿ + 800 cos 45"= 0 
—D,(0.3)+ B,(0.3) =0 

B.=D,=283N  Ans, 
-B,+D, =0 


Using.FBD (c), 
mM; =0, - By(0.6)+ 2830.15) 28X0.3)= 0 
B, =D,=42.5N Ans. 
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*6-124. The structure is subjected to the loading shown. 
Member AD is supported by a cable AB and roller at C and 
fits through a smooth circular hole at D. Member ED is 
supported by a roller at D and a pole that fits in a smooth 
snug circular hole at E. Determine the x, y, z components of 
reaction at E and the tension in cable AB. 


4 
¿us (06) +2.5(03) = 0 


Ey = 1563 = 156 kN Ans 


7 
4 
(1.563) - 25+ D, =0 Dx 
5 y Po Dm e de 


D = 12518 AS y 
D 


D=0 * IAS 


2 +0 -H15)=0 (0) 


Mo + ZASOOA - 25/04) =0 
Mo, = 05 N-m 
Maz + ZSONOA) - GOA) = 0 
ER =0; De = 12510 
2M, = 0; Mo, = 05kN-m 
EM, = 0; My =0 
ER =0; B=0 Ans 
EM, = 0; D.(05) - Mp =0 (5 
Solving Egs. (1), (2) and (3) : 
C, = 0.938 kN 
Mp =0 
D=0 
E=0 
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e6-125. The three-member frame is connected at its ends 
using ball-and-socket joints. Determine the x, y, z components 
of reaction at B and the tension in member £D. The force 
acting at Dis F = (135i + 200j — 180k) lb. 


AC is a two-force member. 


F = (135i + 200j — 180k) lb 
6 
-hos(3) + 180(3) = 0 
Fog = 270 1b Ans 
6 
B, + 3270) - 180 = 0 
B,=0 Ans 


A 3 mo(9) +135(1) +200(3) TO) ¿COM =0 


Fi 75 


Ec = 16.41 


9 
135 — 30270) + B, - (16.41) = 0 
9 97 


5 


B, = -301b Ans 


6 
B, - (1641) + 200 - Í(270) =0 
97 9 


+5 


B, = -13.31b Ans 
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6-126. The structure is subjected to the loadings shown. 
Member AB is supported by a ball-and-socket at A and 
smooth collar at B. Member CD is supported by a pin at C. 
Determine the x, y, z components of reaction at A and C. 


From FBD (a) 

EM, =0, Ma, =0 
-Mp,+800=0 Mp, =800N- m 
B,(3)-B,(2)=0 

A=0 
-A +B,=0 
A, +B, =0 


From FBD (b) 


EM, =0;  B,(1.5)+800-250 cos 45(5.5)=0  B, =114.85N 


From Eq. (1) 114.85(3)-B,(2)=0  B,=172.27N 
From Eq.(2) A, =172N Ans 
From Eq.(3) A, =115N Ans 


G, +250 cos 60'-172,27=0 CG =47.3N  Ans 
250 cos 45”-114.85-G,=0 G=619N Ans 
250 cos 60” - G =0 CG =125N  Ans 
Mc y - 172.27(1.5)+250 cos 60%(5.5)=0 
Mc, =-429N- m Ans 
EM, =0; Mc, =0 Anos 


Negative sign indicates that Mc , acts in the opposite sense to that shown 
on FBD. 
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6-127. Determine the clamping force exerted on the 
smooth pipe at B if a force of 20 lb is applied to the handles 
of the pliers. The pliers are pinned together at A. 


Gm = 0;  20(10)-1.5(Fp) =0 


Fa =133lb Ans 
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*6-128. Determine the forces which the pins at A and 
B exert on the two-member frame which supports the 
100-kg crate. 


AC and BC are two - force members. 


PinC: 


LIFE =0 Fc E) - he (5) $09.81) = 0 


+TIF, m0 Fa E) + he (5) - 100(9.81) = 0 


Fic = 1154N=1.15kN — Ans 


Fic = 920N — Ans 


/00(98/)N 
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*e6-129. Determine the force in each member of the truss 
and state if the members are in tension or compression. 


Method of Joint : In this case, support reactions are not required for 
determining the member forces. By inspection, members DB and BE are 
zero force members. Hence 


Foo = Fog =0 Ans 
Joint € 


+TER =0; fa )-s=0 
Fes =17.89 kN (C)=179kN(C)  Ans 


SER =0; 1197 )-8-fa=0 


Fey = 8.00 kN (T) 
Joint D 


DIE =0; 800-Fpg=0 Fp=800kN (T)  Ans 


Joint B 


+ ER.=0; F,-17.89=0 
Fan = 17.89 kN (C)=17.9kN(C)  Ans 


Joint A 


+TER =0;  Fig- 19 7)-0 
Fig = 8.00 kN (T) feg=17:89 KN 


SER =0; 4-00 7)=0 A, =16.0 kN 


ys 


Note : The support reaciions E, and E, can be determined by analyzing 
Joint E using the results obtained above. 
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6-130. The space truss is supported by a ball-and-socket 
joint at D and short links at C and E. Determine the force in 
each member and state if the members are in tension or 
compression. Take F, = [—500k) Ib and F, = (4005) lb. 


IM = 0;  -G, (3) - 400(3) 2 0 


G, = -400 lb 


D,=0 


qG=0 


EF) =0 Fip=0 


Fr =0 

400 - Ífag =0 
5 

Fog = 500 1b (T) 
3 

Ens = (500) 20 


Fa = 300 lb (C) 


200 - he = 0 


Fac = 583.1 = 583 1b (T) 


3 (583.1) - 500 + ¿Ep = 0 
Ya s 


Fw =333 1b (T) Ass 


4 4 
Fu - 333) > A” =0 


Fu = 667 lb (C) Ans 


Fog = 0 
Fur — 30500) =0 ei 


4 
583.1) - 400 a 
Fer = 300 lb (C) > O , 


32 (583.1) - Fep=0 
/34 


Fep = 900 lb (C) 


3 
Fer - (583.1) = 0 
7 
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- E2=500 lb 


e 


Ec=583.1 lb 
3ft 
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6-131. The space truss is supported by a ball-and-socket 
joint at D and short links at C and E. Determine the force 
in each member and state if the members are in tension 
or compression. Take F, = (£200i + 3005 — 500k) lb and 
F, = (4005) lb. 


tf, =0 D, + 200= 0 
D, = - 200 
-G,(3) - 400(3) - 200(4) =0 
G = -666.7 lb 
LM, =0; G.(3) - 200(3)= 0 
G = 200 $ seo 
Joimt F: A, 
far [200% 1300] -Soo5J 44 
IF, =0; Fip=0 Ans 
Joint B : 


=0; Fac =0 Ans 
= 0 400 — Far = 0 
Faz = 50D (TM) 
3 
Fan — 3500) = 0 


Fas = 300 lb (C) 


3 
300 + 200- q 
q 


Fic = 911.8 =972 DM (T) 


201.5) - 50 + 3h” 0 


yz 


Fip =0 Ans 


4 
Fag + 300 — (971.8) = 0 
lena 
Fig = 367 1b (C) Ans 


3 
Fer - . - 
mn cr > 0 


Far - =(500) =0 Fer = 300 1b (C) Aus 


4 
Fay = 300 lb (C) PREMISA Check! 


3 - == 
db Feo = 0 qa» - 00= 0 


Fep = 500 lb (C) Fog = 424 Dh (T) 
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*6-132. Determine the horizontal and vertical components 
of reaction that the pins A and B exert on the two-member 
frame. Set F = 0. 


CB is a two - force member, 
Member AC: 


GEM, =0; — -600(0.75) + 1.5 (Fea sin75") = 0 


Fcs = 310.6 


B=Bh + s106 (22) = 20N Ane 


SER, =0;  -A, + 600sin60* - 310.6c08 49% = 0 
A, = 300N Ans 
+TEF, =0; A, - 60000560” + 310.6 sin45* = 0 


A 2=804N  Ans 
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e6-133. Determine the horizontal and vertical components 
of reaction that pins A and B exert on the two-member 


frame. Set F = 500 N. 


-600 (0.75) - GC, (1.5 cos 60?) + C, (1.5 sin 60%) = 0 


-=G (1) - 6 (1) + $00(1) = 0 


Member AC : 


LF, =0  -A + 600sin60” - 4026 =0 15Cosbotm 


A =117N  Ans 
A 
( 


+TER, =0; A, - 60000560” - 97.4 = 0 
A =397N  Ans 

Member CB : 

SER, =0 426-50+B,=0 
B,=94N Anos 

+TER =0; -B, +94= 0 


B, =94N Ama 
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6-134. The two-bar mechanism consists of a lever arm AB 
and smooth link CD, which has a fixed smooth collar at its 
end C and a roller at the other end D. Determine the force P 
needed to hold the lever in the position 6. The spring has a 
stifíness k and unstretched length 2L. The roller contacts 
either the top or bottom portion of the horizontal guide. 


L 
Free Body Diagram : The spring compresses x = 2L.- . Then, 


% 1 
de spring foros developed is E, = kx = AL(2- 7), 
Equations of Equilibrium : From FBD (a), 
. 1 Ñ 
5 ER =0; L(2-75)-feosin 9=0 
E kL 1 ) 
20" al sin 9 
(+2 =0; M¿=0 


From FBD (b), 


EL 1 
(+25, =0; ran - a (2-5)ox0) 0 
eS. 
2tan Osin O 


P (2-csc 6)  Ans 


542 


6 Solutions 44918 1/26/09 1:48 PM Page 543 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


6-135. Determine the horizontal and vertical components 2 kip/ft 
of reaction at the pin supports A and £ of the compound , 
beam assembly. 


Member BDE : 


(zm =0  6()+ dl 


Member AC: 


> ogjo=ajo-o(gjo= 


T =3.40kip,  R = 7.568 kip 


Member AC: 


51,0 A- 1508 (5) z 310| 


A =831kip  Ans 


+TER =0; 4 - 156 [5 


Ys 
A, =0.308kip  Ans 


Member BDE : 


2 


> EF, =0; 156872) « 3000[ 75) - 5 =0 


E, = 831kip  Ans 


+TER =0; 156072) -2000[5) - 605 =0 


E, =5.69kip  Ans 
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*6-136. Determine the force in members AB, AD,and AC 
of the space truss and state if the members are in tension or 


compression. 


F = (-600k) lb 


Method of Joints : In this case the support reactions are not required for 
determining the member forces. 


Joint A 


ER =0; | )-00- 0 


E,p = 2473.86 lb (T) =2.47 kip (T) — Ans 


Eic= En (1) 


.)- 


un li) 


0.9829F, c +0.9829F, ¿ = 2400 [2] 


Solving Eqs. [1] and [2] yields 
Fac = Fis = 1220.91 lb (C) = 1.22 kip (C) 
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7-1. Determine the internal normal force and shear 
force, and the bending moment in the beam at points C and 
D. Assume the support at B is a roller. Point Cis located just 
to the right of the 8-kip load. 


40 kip - ft 


Support Reactions : FBD (a). 


(41M, =0;  B,(24)+40-8(8)=0  B,=1.00kip 
+TER =0; A,+100-8=0 A, =7.00 kip 


SER =0 A, =0 


Internal Forces : Applying the equations of equilibrium to segment AC 
[FBD (b)], we have 


5 ER =0; N¿=0 


+TER=0; 700-8-V¿=0  V¿=-1.00kip 


(+1m¿=0; M¿-7.00(8)=0 M¿=56.0kip-  Ans 


Applying the equations of equilibrium to segment BD [FBD (c)] , we have 
5 ER =0; N, =0 Ans 
+ TEE =0; V+100=0  V,=-1.00 kip 


(+2, =0; — 1.00(8)+40-M, =0 
Mp = 48.0 kip- fe 
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7-2. Determine the shear force and moment at points C 
and D. 


Support Reactions : FBD (a). 


(EM, =0; — 500(8) - 300(8) -A, (14) =0 


A, =114.291b 
500lbb  Z00Ib 300 lh 


Internal Forces : Applying the equations of equilibrium to segment AC 
[FBD (b)], we have 


5 ER =0; N¿=0 Ans 
+TER=0;  11429-500-V¿=0 V¿=-386lb  Ans 


(+EM¿=0;  M¿+500(4) - 114,29(10) =0 
M6 =-857 1b-ft Ans 


Applying the equations of equilibrium to segment ED [FBD (c)] , we have 
5 ER =0; N, =0 Ans 


+TER=0; Y) -300=0  V,=3001b Ans 
Ay=114:-29 1b 


(0 =0; —Mp-300(2)=0  M,=-600Ib-£k  Ans 
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7-3. Determine the internal normal force, shear force, and 500 1b /ft 
moment at point C in the simply supported beam. Point C is 
located just to the right of the 1500-Ib - ft couple moment. 


1500 Ib - ft 
6 ft 


Writing the moment equation of equilibrium about point A with reference to Fig. a, 
(Ma =0; Fp cos 30(12)- 500(12X6)- 1500 = 0 Fg = 3608.44 lb 


Using the result of Fg and referring to Fig. b, 
EF, =0 Nc — 3608.44sin30" = 0 Nc =-1804 lb 
+ TER, =0; Ve +3608.44 cos 30” - 500(6) = 0 Ve =-1251b 
(+Mc =0; 3608.44 c0s30(6)-—500(6X3)- Mc =0 Mc =9750lb-k  Ans, 


Ans. 
Ans. 


The negative sign indicates that Nc and V¿ act in the opposite sense to that shown on the free - body 
diagram. 


500(12) Ib s500(6) Ib 
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*7-4, Determine the internal normal force, shear force, 
and moment at points E and Fin the beam. 


PEL 
Las mot-15 mob 15me+-15m- 


With reference to Fig. a, 
(+Ma =0; T6)+T sin45(3) - 300(6X3) = 0 T= 664.92 N 
4ER, =0 664.92c05 45" —A, =0 Ay = 470.17N 
+ T ER, =0; Ay + 664.925in45" + 664.92— 306)=0 A, = 664.92 N 


Using these results and referring to Fig. b, 

5zF, =0 Ng -470.17=0 Ng = 470N 

+ TER, =0; 664.92 — 300(1.5)- Vg =0 Vg = 215N Ans. 
GM  =0; Mg + 300(1.51(0.75)-— 664.9X1.5)=0  Mg=660N-m Ans. 


Also, by referring to Fig. c, 

4, ER, =0, NF =0 

+ TER, =0; Vy + 664.92 — 300(1.5)= 0 Vp = 215 N Ans. 
(Mp =0; 664.92(1.5)- 300(1.5(0.75)- Mp =0 Mp =660N -m Ans. 


The negative sign indicates that Vp acts in the opposite sense to that shown on the free- body diagram. 


Ay" 6442 O: 73m 


300(1'5)N 300(15)N 
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e7-5. Determine the internal normal force, shear force, 
and moment at point C. 


Beam : 
SER =20  -4,+400=0 
A, = 400 N 
Ax 
Gu 20  A(5)-400(12) =0 


A =96N 


Segment AC : Ay 


SER =0  Ne-400=0 
Ne =400N — Ans 

+TER =0 -%-4 =0 A 400N 
e = -9N  Ans 

fIM: =0: Me +96(15)=0 15m 1 Ye 
Me = -144N-m Aus Ay GEN 
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7-6. Determine the internal normal force, shear force, and 
moment at point C in the simply supported beam. 


With reference to Fig. a, 
(Ma =0; B,(6)- ¿0O- 0 


Using this result with reference to Fig. c, 
LR =0 Nc=0 
1 
+1 ER, =0; 4- ¿(2X3)+ Ve =0 Ve =-1KN 


(Mc =0; 4(3)- F(2X3X1) Mc =0 Mc =9kN-m 


The negative sign indicates that V¿ acts in the opposite sense to that shown on the free - body 
diagram. 


2(4)(0) KN 
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7-7. Determine the internal normal force, shear force, and 
moment at point C in the cantilever beam. 


The intensity of the triangular distributed loading at C can be computed using the similar triangles 
shown in Fig. a, 


”C _W" A 
e = == 00 WO =wp/2 
n= > 


With reference to Fig. b, 


5 EF, =0 Nc =0 Ans, 
LY 1(woYL 3woL 
1 =UY;, Vr - pus] ems | amo] ams am | zz — 
+ 1 ER, =0 (el E A ia 0 Ve 3 Ans. 
w LVL IfwoYLYL 3 
+EM c =0; M5=| Al Sl ls da =-=wp1? 
o C (29 1512) 0 15]s) A e 


The negative sign indicates that Mc acts in the opposite sense to that shown on the free - body diagram. 


(a) 
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*7-8. Determine the internal normal force, shear force, 
and moment at points C and D in the simply supported 
beam. Point D is located just to the left of the 5-kN force. 


The intensity of the triangular distributed loading at C can be computed using the similar triangles 
shown in Fig. b, 


With reference to Fig. a, 


(+2M, =0; BJ(6)- XD FIN =0 


Using this result and referring to Fig. c, 
5 EF, =0, Nc=0 
+TXR, =0; Ve +325-(1.5X1.5)-5=0 Ve =2.875 kN Ans. 


1 
(mc =0; 3.25(4.5) — 3 (1-5X1.5X0.5)- X1.5)-Mc¿=0 Mc =6.56kN-m  Ans. 


Also, referring to Fig. d, 

LF, =0 Np=0 

+1 ER, =0; Vp + 3.25-5=0 Vp =1.75 kN Ans. 
(¿Mp =0 3.25(3)-Mp Mp=9.75kN-m  Ans. 
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e7-9. The bolt shank is subjected to a tension of 80 lb. 
Determine the internal normal force, shear force, and 
moment at point C. 


DER =0; Ne+80=0 Nc=-80lb Ans 


+ TER, =0; Y =0 Ans 


(+EMc=0;  MG+80(6)=0 Mc=-4801- in Ano 
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7-10. Determine the internal normal force, shear force, 
and moment at point Cin the double-overhang beam. 


—1.5 m—+—1.5 m —p—1.5 m 


The intensity of the triangular distributed loading at C can be computed using the similar triangles 
shown in Fig. b, 


*C o w =2kN/m 
4,5 


3 


With reference to Fig. a, 
(Ma =0; HA 1.5) 1.510.5)—Ay(3) =0 
S, zF, =0 A, =0 
Using the results of A y and A , and referring to Fig. c, 
DER, =0 Nc=0 


1 
+ Y ER, =0; 3-03) Ve =0 


(Mc =0; Mc + ¿DM - 3(1.5) =0 


E (3)(4-2)KN (315) KN 
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7-11. Determine the internal normal force, shear force, 
and moment at points C and D in the simply supported 
beam. Point D is located just to the left of the 10-kN 
concentrated load. 


6kN/m 


smlisadisadasod 


The intensity of the triangular distributed loading at C can be computed using the similar triangles 
shown in Fig. b, 


"e, > 
TI or wc =3kN /m 


With reference to Fig. a, 
CM, =0; BJ(6)-10(4.5)- ¿(6X3X1)=0 
(Ms =0; ON 10(1.5)-Ay(6)= 0 
5, =0 A, =0 
Using these results and refering to Fig. c, 
5EF, =0 Nc=0 
+ TER, =0; 10- (6X1.5)- X1.5)- Ve =0 Ve =3.25 kN 
(uc =0; Mc +X1.5X0.75)+H(HK1.5X1)- 101.5) =0 Mc =9375kN-m Ans. 
Also, by referring to Fig. d, 
DER, =0 Np =0 


+ TER, =0; Vp +9-10=0 
(mp =0 91.5)-Mp=0 


2(6)(3) KN 
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*7-12. Determine the internal normal force, shear force, 
and moment in the beam at points C and D. Point D is just 0.5 kip/£t 
to the right of the 5-kip load. 


5(6) + 6(18) --A, (24) = 0 
A, a 5.75 kip 


A =0 


Nc =0  Ans 
575-3-4=0 
e =275kip  Ans 
Mc + 3(3) - 5.75(6) = 0 


Me = 25.5kip- ft  Ans 


os(2)=.6Kjp  5KiP 


SIR, =0 No =0 Ans 

*TIR =0; 575-6-5-4=0 
% = -5.25kip  Ans 

Ese = 0 Mp + 6(12) - 5.75(18) = 0 


Mo = 31.5kip- ft  Ans 
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e7-13. Determine the internal normal force, shear force, 250 N/m 
and moment at point D of the two-member frame. di 
SERE ER ERRE NTE! 


Em 


250(4)=/000 N 
B, (4) - 1000 (2) = 0 


B, = 50N 


= $00 (4) + 225 (0.5) + B, (1.5) = 0 


B, = 1258.33 N 


Segment DB : 

SIF, =0;  -Np+ 1258.33 = 0 
No = 126kN  Ans 

+TEFR, =0; M-500+500 20 
H =0  Ans 

(+EMo = 0: - Mo + 500(1) =0 


Mp = SON-m Ans 


250)=500N 
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7-14. Determine the internal normal force, shear force, 250 N/m 
and moment at point E of the two-member frame. » / ] | | | ] | | | ] | | | ¡ 
) e. 


ió 250(4)=/000N 
(+EM, =0: — B,(4)-1000(2) = 0 
B, = S00N 
Member BC: 
(Mc =0: — - 500(4) + 225(0.5) + B,(1.5) = 0 
B, = 1258.33 N 
Segment EB : 
EF, =0  -Ng-1258.33-25 =0 
Ng = — 1.48 kN Ans 
+TEFR, =0; M-50=20 
U = 50N  Ans 
(-2Ma = 0: - Mg + 225 (0.5) + 1258.33 61.5) - $00 (2) = 0 


Mr = 1000N -m Ans 
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7-15. Determine the internal normal force, shear force, 


300 1b/ft 
and moment acting at point C and at point D, which is 


200 lb /ft 200 lb /ft 
located just to the right of the roller support at B. | | | | | | | ¿D 
paa A Y 


E 


Support Reactions : From FBD (a), 


Em =0;,  B,(8) +800(2) - 2400(4) - 800(10) = 0 
B, = 2000 lb 


2Z00(4) =Bo0 lb. 300BZÁCONb ¿no B001p 


Internal Forces : Applying the equations of equilibrium to segment ED 
[FBD (b)], we have 


5 ER =0; N,=0 
+TER=0; V)-800=0 V,=8001b 


(42M) =0;  -Mp-800(2)=0 
Mp = -1600 lb - ft = 1.60 kip- ft Ans 


Applying the equations of equilibrium to segment EC [FBD (c)] , we have 


S ER =0; N¿=0 Ans 


+ TER =0;  V¿+2000-1200-800=0 Y¿=0  Ans 


(zm =0;  2000(4)- 1200(2) -800(6) - Me = 0 
Mc = 800 1b- ft 


*7-16. Determine the internal normal force, shear force, 
and moment in the cantilever beam at point B. 


Free body Diagram : The support reactions al A need not be computed, 


Internal Forces : Applying the equations of equilibrium to segment CB, 
we have 


> ER = 0; N¿=0 
+ TER =0; V)-288=0  V, =28,8 kip 


(+1 =0;  -28.8(4)-My =0 
My =-115 kip-ft 
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e7-17. Determine the ratio of a/b for which the shear force 
will be zero at the midpoint C of the double-overhang beam. 


Support Reactions : . From FBD (a), 


1 1 
(+2M, =0; ¿Caro 5(0-0]-4, 00 =0 


A, = ¿Qarbr(b-a) 


Internal Forces : This problem requires V¿ = 0. Summing forces 
vertically [FBD (b)], we have 


+ TER =0; ¿Cer -a-:(ar7)(5)=0 


w 
E arb(b=a) = 5 (2a+b) 


bas 
Ay? za (2atb)(b-4) 
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7-18. Determine the internal normal force, shear force, 
and moment at points D and £ in the overhang beam. Point 
D is located just to the left of the roller support at B, where 
the couple moment acts. 


—— 3 ds m->-1.5 m> 


The intensity of the triangular distributed load at Ecan be found using the similar triangles in Fig. b. 
With reference to Fig. a, 


(+2M, =0; BJ(3)-2U31.5)- 6- 7OXDA- (2)o- 0 
By = 15kN 


Using this result and referring to Fig. c, 

EXE =0 43)-wo =0 Np =4kN 
1 3 

+ TER, =0; Wo +15- Fax 7)=0 Vp =-9kN 


(Mp =0 -Mp-6-Zaxo- ha=0 Mp=-18kN-m  Ans, 


Also, by referring to Fig. d, we can write 


4 ER, =0 $2) =0 Ng =4kN 


+ TER, =0; ve -Z5)-53)=0 Vg =3.75KkN 


(Mz =0; —-Mg -0415X05)- (Jus =0 Me¿=-4875kN-m Ans. 


The negative sign indicates that Vo, Mp, and M g act in the opposite sense to that shown on the free - body 
diagram. 
2C3)KÉN — L (273) kN 


0.5m F0X05) KN 
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7-19. Determine the distance a in terms of the beam's 
length L between the symmetrically placed supports A 
and B so that the internal moment at the center of the 
beam is zero. 


In this problem, it is required that the internal moment at point C be equal to zero. With reference 
to Fig. a, 


(Ma =0; By) wo| | + Jleznd 5 [5-5)-0 


B, 


1 
= =wpL 
4 0 


Using this result and referring to Fig. b, 
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*7-20. Determine the internal normal force, shear force, 
and moment at points D and E in the compound beam. 
Point E is located just to the left of the 10-kN concentrated 
load. Assume the support at A is fixed and the connection at 
Bisa pin. 


p D 
1.5 m 1.5 m —>+-1.5 m —>--1.5 m 


With reference to Fig. b, 

xr, =0 B,=0 
(My =0; Cy (3-10(1.5)=0 
(Mc =0; 10(1.5)- B,(3) = 0 


Using these results and referring to Fig. c, 

Lx, =0 Np=0 

+ Y ER, =0; Vp - 21.5)-5=0 Vp =8kN Ans, 
(¿Mp =( —M p - X1.5X0.75)-5(1.5)= 0 Mp=-9.75kN -m Ans. 


Also, by referring to Fig. d,' 

5EF, =0 Ng=0 Ans. 
+7 ER, =0; Ve -10+5=0 Ve = 5 kN Ans. 
(Mg =0; 5(1.5)-Mg=0 Mg=7.5kN-m Ans. 


The negative sign indicates that Mp acts in the opposite sense to that shown in the free - body 
diagram. 


(a) 


05m 2(1.5)KN 
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e7-21. Determine the internal normal force, shear force, 500 Ib 

and moment at points F and G in the compound beam. Point A A 
Fis located just to the right of the 500-Ib force, while point G P 7 
is located just to the right of the 600-Ib force. 


With reference to Fig. b, 
DER, =0 D,=0 


Using this result and writing the moment equation of equilibrium about point A, Fig. a, and 
about point E, Fig. b, we have 

(+EM, =0; D,(6)-— Fac (4)— 500(2)=0 0) 

(Me =0; 600(2)+ D,(4)- Fac (6)= 0 


Solving Eqs. (1) and (2) 
Fac = 560 lb D, = 540 lb 


Using these results and referring to Fig. b, 
+ TER, =0; E, — 600— 540+ 560 = 0 E, = 580 1b 


Again, using the results of D ,, D y, and Fac , the force equation of equilibrium written along 
the x and y axes, Fig. a, 

5zr, =0 A, =0 

+ TER, =0; Ay — 500- 560+ 540 = 0 Ay =5201b 


Using these results and referring to Fig. c, 

IE =0 NF=0 

+ TER, =0; 520—500—VÍ =0 V =20 lb 
(+17 =0; Mp - 520(2)=0 Mp =1040 lb-f 


Using the result for E, and referring to Fig. d 

LR, =0, NgG=0 

+ TER, =0; Va +580=0 Va = -580 lb 
(+am6 =0: 580(2)- Mg =0 MG =1160 lb-f 


The negative sign indicates that Vg acts in the opposite sense to that shown in the free - body 
diagram. 
500 lb 


Ve 
Mor 4 
Ñ 
27Ft 


Ey 2580 lb 
(A) 
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7-22. The stacker crane supports a 1.5-Mg boat with the 
center of mass at G. Determine the internal normal force, 
shear force, and moment at point D in the girder. The trolley 
is free to roll along the girder rail and is located at the 
position shown. Only vertical reactions occur at A and B. 


With reference to Fig. a, 
(um A =0; By(9)- 1500(9.81)(3.5+3) =0 B, = 10627.5N 


Using this result and referring to Fig. b, 

5 EF, =0 Np =0 

+7 EF, =0; Vp +10627.5 = 0 Vp =-10627.5N =-10.6kN  Ans. 
(mp =0 10627.4)- Mp =0 Mp= 42510 N -m=42.5kN -m 


The negative sign indicates that Vp acts in the opposite sense to that shown on the free - body diagram. 
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7-23. Determine the internal normal force, shear force, 
and moment at points D and E in the two members. 


With reference to Fig. a, 
Gn A=0; Fac (2c0830*)— 60(2c0s 30" +0.75) = 0 
Fac =85.98N 


Using this result and referring to Fig. b, 
YE, =0; Np=0 
+k ER, =0; 85.98 -60-Vp =0 Vp = 26.0N 
(¿Mp =0 85.98(1)— 6X1.75)+Mp =0 Mp=190N:m 


Also, be referring to Fig. c, 
be ER. =0; VYg=0 
4 MER =0; Ng -85.98=0 
(ME =0; MÉ=0 
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*7-24. Determine the internal normal force, shear force, 1Sft y 15ft | 15ft | 15ft 
and moment at points F and £ in the frame. The crate 
weighs 300 lb. A 


With reference to Fig. a, 


fu, =0; Fac Ejo- 300(0.4)-300(6.4)=0 Fac =7501b 


Referring to Fig. b, 

HER, =0 —N g -300=0 Neg =-300 lb 
+ TER, =0, Vg -300=0 Vg = 300 lb 
(Mz =0; —M g +300(0.4)— 300(1.9) = 0 Mp =-4501b -ft 

Using the result of Fgc and referring to Fig. c, 


LER, =0 rs 2)- 300- Np =0 Np = 15010 
+ TER, =0; ve +15 <)-s00=0 Vs =-3001b 


(+7 =0; rs 2)a 5) + 300(0.4)— 300(4.9)-Mp =0 
Mp =-4501b-£t Ans. 


The negative sign indicates that N¿ , V, and Mp act in the opposite sense to that shown in the free - body 
diagram. j 
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e7-25. Determine the internal normal force, shear force, 
and moment at points D and £ of the frame which supports 
the 200-Ib crate. Neglect the size of the smooth peg at C. 


Referring to Fig. a, 

ER, =0, Vp =0 

+ TER, =0; Np - 200=0 
(M7 =0; M p -200(4.5) = 0 


Also, by referring to Fig. b, 


xr, =0 - Vg = 120 1b 


+ TER, =0; - Ng = 360 lb 


(+2Mz =0; Mg=11401b-k  Ans. 
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7-26. The beam has a weight w per unit length. Determine 
the internal normal force, shear force, and moment at point 
C due to its weight. 


With reference to Fig. a, 
(+2M, =0; B,(Lsin0)— wL cos6 (7) =0 B, 


Using this result and referring to Fig. b, 
wL c0s0 LY. wL 
)- — = =-— — 
rm (cos 0) +( 5 Juno 0 Nc > cscó 
2sin 


2sin8 12 


The negative sign indicates that Nc acts in the opposite sense to that shown on the free - body 


diagram. 
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7-27. Determine the internal normal force, shear force, 
and moment acting at point C. The cooling unit has a total 
mass of 225 kg with a center of mass at G. 


From FBD (a) 
[=M =0; — T¿(6)-225(9.81)(3)=0  Tz=1103.625N 


From FBD (b) 

(+EMo =0;  Tesia 30*(6)-1103.625(0)=0 — Tz=2207.25N 

From FBD (c) 

DER =0;  —N¿-2207.25c0830'=0  Nem-1.91kN Ans 
+TER =0;  W+2207.25 sin 30"-1103.625=0 %=0 Ans 
(«2 =0; — 2207.25 cos 30"/0.2)+2207.25 sin 30%(3)-1103.625(3) Mc = 0 


Me =382N- m Ans 


 =2207.25N 
Me Ve 0.2M_ 30* 


74=//03-625N 
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*7-28. The jack AB is used to straighten the bent beam 
DE using the arrangement shown. If the axial compressive 
force in the jack is 5000 Ib, determine the internal moment 
developed at point C of the top beam. Neglect the weight of 
the beams. 


Segment : 


fume = 0: Mc + 2500 (10) = 0 


Mc = -250kip-fk  Ans 


R=2500Ib 5000/b 


10ft Va 


R=2500 lb 
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07-29. Solve Prob. 7-28 assuming that each beam has a 
uniform weight of 150 lb/ft. 


Beam : 


+TEF, =0; 5000-3600 -2R =0 


R a 7001b 


Segment : 


(ezme = 0: Mc + 700(10) + 1800 (6) = 0 


Mc = -17.8kp- ft Ans 


150(24)= 3600 lb 


R 
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7-30. The jib crane supports a load of 750 lb from the 
trolley which rides on the top of the jib. Determine the 
internal normal force, shear force, and moment in the jib at 
point C when the trolley is at the position shown. The crane 
members are pinned together at B, E and F and supported 
by a short link BH. 


Member BFG : 


CAT E) (4) - 750 (9)+375(1) =0 


Fe = 265625 lb 
SIA =0; - a, + 265625 (7)-575= 0 

B, = 1750 
+TER =0 -3, + 265625 (2) - 150 -0 


B, = 843.75 1b 


Segment BC: 
SER, =0; Ne-110=0 
Ne =1.75kip  Ans 
+TIR =0  -84375-4 =0 
e =-84Db  Ans 
(+ZMc = 0; Mc + 843.75(1) = 0 


Me = -M4Db-N —Anms 
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7-31. The jib crane supports a load of 750 lb from the 
trolley which rides on the top of the jib. Determine 
the internal normal force, shear force, and moment in the 
column at point D when the trolley is at the position shown. 
The crane members are pinned together at B, E and F and 
supported by a short link BH. 


Member 8FG : 


(EM m0: Far E) (4) - 750(9)+375(1) = 0 


Fay = 2656.25 lb 
Entre Crane : 
(a 20; Tp (6) - 750(9)+375(7) = 0 


Tp = 687.5 lb 


SER, =0 A -6875-375=0 
A. = 1062.5 lb 
+TER 20; A-7100=0 
A, = 7501b 


Segment AED : 
3 

+TIR 20; Mo + 750 - 265625 (7) 0 

No 2 844ib  Ans 
SER, =0; 10625 - 265625 (7) + 43 = 0 

% = 106kip  Ans 

4 

(+EMo = 0; - Mo - 265625 E) (2) + 1062.5(5) = 0 


Mo = 106kip-ft  Ans 
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*7-32, Determine the internal normal force, shear force, 
and moment acting at points B and C on the curved rod. 


PEF. =0; 
NHER = 0; 


(+XMo = 0; 


Also, 


(+EMo =0; 


SER =0; 
+TER =0; 
Ú+zM, =0; 


+MER =0; 


+AXF, =0; 


(ramo = 0; 


Also, 


(+2Ho = 0; 


400 sin30? - 300cos 30? + Ng = 0 
Na = 59.81 lb = 59,8 lb Ans 
Y + 400cos 30” + 300sin 30% = 0 


MO = -496 lb Ans 


My + 400(2 sin30%) + 300(2-2 cos30”)= 0 


Ma = -480Mb-R  Ans 


—59.81(2) + 300(2) + Mp =0 
Ma = -480b-ft  Ans 

A = 400 1b 

A, = 300 Ib 

Ma — 300(4) = 0 

Ma = 1200 lb. fi 
Ne + 400 sin45* + 300 c0s45"'= 0 
Ne = -495'1b Ans 
Ye — 400 cos45? + 300 sin45* = 0 


Ye = 70.7 1b Áns 


— Me —1200 - 400(2 sin45%) + 300(2 - 2 cos45%)= 0 


Mc = -1590 lb: fi = —1.59 kip- £ 


— 1200-495(2) + 300(2) - Mc = 0 


Me = -1590 lb: fi = -1.59 kip. R 


Ans 
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07-33. Determine the internal normal force, shear force, 
and moment at point D which is located just to the right of 
the 50-N force. 


Referring to Figs. a and b, respectively, 
(Ma =0; By(0.6 +0.6sin30?)+ B,(0.600530?)-— 50(0.6- 0.6c0s 307) = 0 
—50(0.6 —0.600s 60%) — 50(0.6)= 0 
(me =0; By(0.6 — 0.600s 60”) — B,(0.6sin60?)+50(0.6- 0.6005 30) = 0 (2) 


Solving Eqs. (1) and (2) yields 
B, = 2939 N B,=37.5N 


Using these results and referring to Fig. c, 
BxR, =0 -Np - 2939=0 Np =-29.4N 
+ TER, =0; 37.5—Vp =0 Vp =37.5N 
en p=04 37.5(0.6sin30”)— 29.39(0.6 —0.6c0s 30) Mp =0 
Mp =8.89 N -m 
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7-34. Determine the x, y, z components of internal loading 
at point C in the pipe assembly. Neglect the weight of the 
pipe. The load is F; = (—24i —10k) lb, F, = [—80i) lb, 
and M= (—30k) lb + ft. 


Free body Diagram : The support reactions nced not be computed. 


Internal Forces : Applying the equations of equilibrium to segment BC, 
we have 


ER =0;  (Wc),-24-80=0 (Ve), =1041b 
EF =0; N¿=0 
ER =0;  (V¿),-10=0 (Y), =10.01b 


EM, =0;  (Mc),-10(2)=0 (Mc), =20.01b-ft  Ans 


EM, =0; (Mc), -24(3)=0 (Mc), =720b-  Ans 


EM, =0; — (M¿), +24(2) + 80(2) -30=0 
(Mo), =-178 lb-ft 


7-35. Determine the x, y, z components of internal loading 
at a section passing through point C in the pipe assembly. 
Neglect the weight of the pipe. Take F, = (3505 — 400k) lb 
and F, = (150i — 300k] lb. 


EF, =0; F.+F,+FE=0 
E = (-150i — 350j + 700k) lb 
C, = -1501b Ans 
C, = -3501b Ans 
C, = 7001b Ans 


Mec + to X FE +ro9xFR=0 


1oj k ij ok 
M¿+|3 2 o | 0 2 oe 
0 350 -4 150 0 -3 


M¿ = (1400 — 1200 — 750k) lb- 
1.40 kip-ft Ans 
= —1.20 kip- Ans 


750 Ib-fi Ans 
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*7-36. Determine the x, y z components of internal loading at 
a section passing through point C in the pipe assembly. Neglect 
the weight of the pipe. Take F, = [—80i + 2005 — 300k) lb 
and F, = (250i — 150j — 200k) lb. 


F.+E+E=0 

F¿ = (-1701 — 50) + SO0k) Ib 
G = -1701b Ans 
G, = -S0 lb Ans 


CG = 500 1b Ans 


Mo¿+ra4XxE +ro9xXE =0 


13  k ok 
Me+|3 2 ABE 2 ole 
-80 20 - 250 -150 -20 


M¿ = (10001 — 900) — 260k) 1b-ft 


Mo, = 1 kip-ft Ans 


Mg = 90 1b-£t Ans. 
Mc: = -260 Ib-ft Ans. 
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o7-37. The shaft is supported by a thrust bearing at A and 
a journal bearing at B. Determine the x, y, z components of 
internal loading at point C. 


With reference to Fig. a, 
mM, =0 B¿(3) - 901) -750(1) = 0 
EM, =0; 750(2)+ 600(2)— B,(3)= 0 


Using these results and referring to Fig. b, 

EF, =0; (Vc)y+900- 750-600=0  (Vc), =450N 

EF, =0; Nc=0 

EF, =0; (Ve )¿ + 550=0 (Ve), = -550N 


EM, =0; (Mc), +550(1.5)=0 (Mc); =-825N -m Ans, 
EM, = 0; T¿ +600(0.2)— 7500.2)=0  T¿=30N-m Ans. 
EM, =0; (Mc )¿ + 750(0.5)+600(0.5)- 900(1.5)= 0 

(Mc), = 675N -m Ans. 


The negative signs indicate that (Vc), and (Mc ), act in the opposite sense to those shown in the 
free - body diagram. 
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7-38. Determine the x, y, z components of internal loading 
in the rod at point D. There are journal bearings at A, B, 
and C. Take F = (7i — 12j — 5k) kN. 


Support reactions:  FBD(a) 

IM =0;  B,(0.4)+4,(1)-G,(0,.75)-5(1)=0 (1) 
EM =0, A(1)+G(0.75)=0 (2) 

IM =0;  -B,(0.4)-A,(1)-7(1)-3=0 (3) 
IF,=0; G+B,+7=0 (4) 

IFR, =0; G+A4-12=0 (5 

ER, =0; B,+A-5=0 (6) 

Solving Eqs. (1) to (6) yields : 

CG =-1l6KkN - B,=109kN A. =87.0kN 

A -SI6kN CG ,=65.6kN  B,=-82.0kN 
Negative signs indicas that the support reactions act in the opposite sense to those shown 
on FBD (a). 

From FBD (b) 

LF =0; (Mh-1l6=0; (M)=l6kN  Ans 
EF) =0;  (Np),+65.6=0;  (Np),=-65.6kN  Ans 
IFR =0 (6x:=0 Ans 


IM =0; — (Mp) -65.6(0.75)=0; (Mp), =49.2kN-m  Ans 


EM =0, (Mp), -116(0.75)=0; (Mp), =87.0kN-m  Ans 


IM =0; (Mp). —116(0.2)-3 =0; (Mp); =26.2kN-m  Ans 
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7-39. Determine the x, y, z components of internal loading 
in the rod at point E. Take F = ([7i — 12j — 5k) kN. 


Support reactions: FBD (a) 
B,(0.4)+A,(1)-G, (0.75)-5(1) =0 
A(1)+G(0.75)=0 (2) 
-B,(0.4)-A, (D-7(D-3=0 (3) 
G+B,+7=0 (4) 

G +A -12=0 (5 
ER =0; B,+A4-5=0 (6) 

Solving Es. (1) to (6) yields : 

C,=-116kN  B,=109kN A =87.0kN 


A, =-53.6kN  C,=65.6kN  B,=-82.0kN 


Negative signs indicate that the support reactions act in the opposite sense to those shown 
on FBD (a). 
From FBD (b) 


ER. =0; (Ne), = Ans 
EF, =0;  (%2)-53.6=0; (1%) =53.6kN  Ans 
(ME), +87.0=0; — (Wi); =-87.0kN  Ans 
(Mz), =0  Ans 
(Mg), +87.0(0.5)=0; — (Mg) =-43.5kN- m  Ans 


(Mg), +53.6(0.5)=0; (Mg) =-26.8kN.-m  Ans 
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*TA0. Draw the shear and moment diagrams for the 
beam (a) in terms of the parameters shown; (b) set 
P = 800 lb, a = 5ft,L = 12 ft. 


+TXE =0; 
(+FEM = 0; 
For a<x<L-a 
+TER =0; v=0 Ans 


L+EM =0; -Px+Plx-9+M=0 


— M+ P(L-x) =0 
M-= P(L-x) 
(b)  SetP=8001b a=5ft L=12f 


Fo  0Sx<S5f 


+TXEE =0; 


L+EM =0; 
For St <x<7f 


+ TER =0; 
L +EM =0; —3800x + 800(x-5) +M=0 


M = 4000 1b-ft Ans 
For 7% <xS1R 


+ TER =0; V = -800 lb 
Q+EM =0; —- M+ 800(12-x) = 0 


M = (9600 — 800x) 1b-ft 
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e7-41. Draw the shear and moment diagrams for the 
simply supported beam. 


Since the loading discontinues at the 9- kN concentrated force, the shear and moment equations must be written for the 
regions O < x <4 m and 4 m <x < 6 m of the beam. The free - body diagrams of the beam's segment sectioned through 
the arbitrary points in these two regions are shown in Figs. bandc. 


Region 0 < x<4 m, Fig. b 
+ Y ER, =0; 3-V=0 
(+2M =0; M-3x=0 


Region4m<x<6m, Fig.c 
+ T ER, =0; V+6=0 V =-6kN €) 
(+2m =0; 6(6-x)-M=0 M =(36-6x) kN -m (4) 


The shear and moment diagrams in Figs. d and e are plotted using Egs. (1) and (3), and Egs. (3) and (4), respectively. 
The values of the moment at x = 4 m are evaluated using either Eqs. (2) or (4), 


Mli-4 m = 34) =12 kN «mor M| 4, = 36—6(4)= 12kN -m 
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Zm 
By= (6 Kn 
(a) 


y" O<x<4M (b) 


7 
Az =3 £N 


m Y 
(C) 4m<x<óm | 
6 


-X 
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7-42. Draw the shear and moment diagrams for the beam 
ABCDE. All pulleys have a radius of 1 ft. Neglect the weight 
of the beam and pulley arrangement. The load weighs 500 lb. 


Support Reactions : From FBD (a), 


(+1M, =0,  E(15-500(7)-500(3)=0 E =33333b 
+TIR =0, A,+33333-500=0 A, =166.671b 


Shear and Moment Diagrams : The load on the pulley at D can be 
replaced by equivalent force and couple moment at D as shown on FBD (b), 


MClb$e) 


1000 lb Er 3333 1 
(b) 
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7-43. Draw the shear and moment diagrams for the 
cantilever beam. 


The free - body diagram of the beam's right segment sectioned through an arbitrary point shown in Fig. a will be used 
to write the shear and moment equations of the beam. 


+ TER, =0; V-22-x)=0 V =(4-2x) kN (Mm) 


+EM =0; -M -2(2 -[30-0]-6= 0 M =(-x?+4x — 10) kN -m (2) 


The shear and moment diagrams shown in Figs. b and c are plotted using Eqs. (1) and (2), respectively. The value of the 
shear and moment at x = 0 is evaluated using Eqs. (1) and (2). 


Vl y = 4-20) = 4kN 
Ml.-o = [-0+4(0)- 10] = -10KN -m 
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“7-44. Draw the shear and moment diagrams for the 
beam (a) in terms of the parameters shown; (b) set 
My = 500N-«m,L =8m. 


(a) 
+TEF, =0; -H-v=o 
v.-E Ans 
(42M = 0: M+ Lx m0 
Ma - La Ans 
7SrsL 
+Ti5 =0 -P-v=0 


Mo 
Va Z Ans 


(zm = o: M+ Lx Mo =0 


ano) am 


(b) When My = S00N- mad Ll = 8m 


V(N) 


; X(m) 
-62:5 


MCN-m) 


250 
4 
o) 
8 
-260 
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e7-45. If L = 9 m, the beam will fail when the maximum 
shear force is Wmax = 5 kN or the maximum bending 
moment is M max = 22 kN : m. Determine the largest couple 
moment My the beam will support. 


L 
(a) 05:<5 


+TEF, =0; -H-v=0 


Ans 


7SrsL 


«TE =0 -B-v=0 


(+24 = 0: 


Mo = 4kN-. m 
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7-46. Draw the shear and moment diagrams for the 
simply supported beam. 


Since the loading is discontinuous at the midspan, the shear and moment equations must be written 
forregions0<x<L/2andL /2<.x < Lof the beam. The free - body diagram of the beam' s segments 
sectioned through arbitrary points in these two regions are shown in Figs. b and c. 


Region 0 < x <> Fig. b 


ó 3 3 
+ Y ER, =0; 3'"oL-wox-V=0 ¿e-s) 


(+= =0; M +wox[5) -HwoLa) =0 


Region L /2<x<L, Fig.c 


woL 


(a a woL 
+ TER, =0; e ias 


8 


(Eu =0; 2d 1)-M=0 m= 202 1. x) (4) 


The shear diagram is plotted using Eqs. (1) and (3). The location at where the shear is equal to zero can be 
obtained by setting V = 0 in Eq. (1). 


0= mo 2 -+) x==L 
8 8 


The moment diagram is plotted using Eqs. (2) and (4). The value of the moment atx = =L (V = 0) can be 
evaluated using Eq. (2). 


4) 


The value of the moment at x = L/2 is evaluated using either Eqs. (3) or (4). 
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7-47. Draw the shear and moment diagrams for the 
simply supported beam. 


The free - body diagram of the beam's left segment sectioned through an arbitrary point shown in Fig. b will be used 
to write the shear and moment equations. 


+ 1 ER, =0; 525-300x—V=0 V =1525-— 300xPkN (Mm) 


+EM =0; mu 300 3) 5ase=300=0 M =(-1507 + 525x+ 300)N -m (2) 


The shear and moment diagrams shown in Figs. cand d are plotted using Eqs. (1) and (2), respectively. The location 
where the shear is equal to zero can be obtained by setting V = 0 in Eq. (1). 
0= 525- 300x x=1.75m 


The value of the moment at x = 1.75 m (V = 0) can be evaluated using Eq. (2). 


Mb .-4 75m ==1500.752)+ 523(1.75)+ 300=759N -m 
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*7-48. Draw the shear and moment diagrams for the 
overhang beam. 


0OSx<5m: 
+TER =0 25-2x-V=0 


V=25-2x 


fm = o; M+25 (71) -25x=0 


Ma25x-x* 
Sm<xs10m: 
+TER =0 25-10-V=0 
Va -75 
(ral = 0; M+ 10 -25)-25x =0 


Mu -75x+25 
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07-49, Draw the shear and moment diagrams for the 
beam. 


0OSx<Sm: 


+TIF,=0 25-2:-V=0 


V=25-2x 
fam = o: M+2x(35) -25x=0 


Ma25x-e 
Sm<x<l0m: 
+TIR =0 25-10-V=0 
Va -75 
fos « o, M + 10(x -2.5)-25x-50=0 


Ma -75x+75 


Ay =2.50 KN 
2(5)=/0 KN 
X=2 
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7-50. Draw the shear and moment diagrams for the beam. 


250 lb /ft 


(e 


150 1b - gl 


pe 150 lb - ft 


— 5000(10) + B,(20) = 0 


2500 lb 


0 
— 5000 + 2500 = 0 


1504-$t 
A, = 2500 1b ' y 
2,5004 
For 0Sx<20ft v(6) 
9,500 
+ TER, =0; 2500 — 250x - V=0 pl 
V = 250(10—x)  Ans m(4-1t) 12,350 -2,500 


(+EM =0; -2500(x) + 150 + 250x(5) +M=0 


006024 
M = 25(100x — 5x* —- 6) 
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7-51. Draw the shear and moment diagrams for the beam. 1.5 kN/m 


+TER, =0; 075 - Fx(050 - Y =0 


V = 0.75 - 0.254 
V=0=075-0.252 x 


x= 1732m 0.75 ku 


(can 0 Me E) (05x) (3) -075x=0 


M = 0.73 x - 0.08333 


Mass 2 0.75 (1.732) - 0.08333 (1.732)? = 0.866 
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*7-52. Draw the shear and moment diagrams for the 150 lb/ft 
simply supported beam. 
> lb - ft 


3B 


The free - body diagram of the beam's left segment sectioned through an arbitrary point shown in Fig. b will be used 
to write the shear and moment equations. The intensity of the triangular distributed load at the point of sectioning is 


w= 15 E)=025% 
12 


Referring to Fig. b, 
1 
+1 EF, =0; 275 - 702.5: Xx)- vV=0 V =(275- 6.25: ) Ib (1) 


(+= =0, M +05: E) —275x =0 M =1275x -2.083x?) 1b-f (2) 


The shear and moment diagrams shown in Figs. cand d are plotted using Eqs. (1) and (2), respectively. The location 
where the shear is equal to zero can be obtained by setting V = 0 in Eq. (1). 


0=275- 6.25 x=6.633ft 


The value of the moment at x = 6.633 ft (V = 0) is evaluated using Eq. (2). 
Ml 6.633 10 = 2736.633)-2.083(6.633)? =12161b-R 
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3 (50M12)1b 


Y z001bJe 


Ay "275 lb By 628 1b 
(A) 


1//25x)00 
Y; 
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e7-53. Draw the shear and moment diagrams for the beam. 


30 1b/£t 


180 Ib - ft 


0Sx<9ft: 


+TER =0 25-033909-V=0 


V=25- 1.6674 Ans 


V=0=25- 1.6672 


x=3.87fR 


Gm =0 M+ 30.330 0 (3) -25x=0 


M=25x-0.5556 Ans 


Mna = 25(3.87) — 0.5556 (3.87) = 64.5Ib- ft 
9 ft<x<13,5ft: 
+TER =0 25-135+110-V=0 


v=0 Ans 


(FEM = 0; —- 25x + 135(x-6)- 110(x-9+M =0 


M= - 180 Ans 
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7-54. TIL = 18 ft, the beam will fail when the maximum 
shear force is Vinax = 800 lb, or the maximum moment is 
Mmax = 1200 Ib «ft. Determine the largest intensity w of 
the distributed loading it will support. 


For O<x<L 


+1 EF, =0; 


w = 88.9 IbiA 


Mao me wl?. 
mr 4 


6 


—w(18) 


- 1200 = 6 


w =222 Ib/N 


w 
==nÚ, ell 
A AS 

wL 

| zo 
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7-55. Draw the shear and moment diagrams for the beam. 4 kip/ft 


Support Reactions : From FBD (a), 


(+14, =0: M, -48.0(12)=0  M, =576 kip-ft 
+TER=0; A,-48.0=0 A, =48.0 kip 


Shear and Moment Functions : For 0Sx<12 ft [FBD (b)], 


e 
+ TEA =0; 40-5=V=0 Hg): É 
v=(es0-5) kip 


.. 


xXx 
Te 
V 3 (b) 
nm 


M= (esos E - s16| kip-f 13040] 24) 


P 
(u=0; m+=(5)+576-48.0x =0 —— 


For 12 ft<x S 24 ft [FBD (c)], 
1f1 
+ TER =0; v-3[304-0]01-0 =0 
v=(¿c20-0r) kip 


24-x 


(+24 =0: -3[5024-0]i24-0( )-4=0 


el (24-01) bip 
Ma ¿(24-09 ip. 
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*7T-56. Draw the shear and moment diagrams for the 


200 lb /ft 
cantilevered beam. 


Thefree - body diagram of the beam's left segment sectioned through an arbitrary point shown in Fig. b will be used 
to write the shear and moment equations. The intensity of the triangular distributed load at the point of sectioning is 


Xx 
2005) =39:30% 


Referring to Fig. b, 
+7 EF, =0; -300-— 330)- v=0 V =(300- 16.677) lb 


fa =0, M +3 5330%0| 3) +300% =0 M =1-300:- 5.5563 Y Ib-A (2) 


The shear and moment diagrams shown in Figs. cand d are plotted using Eqs. (1) and (2), respectively. 
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X (Jt) 


Shear diagram “900 
MCIb-$e) (€) 


Lt) 


-3000 


Moment Aiagram 
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7-57. Draw the shear and moment diagrams for the 
overhang beam. 


Since the loading is discontinuous at support B, the shear and moment equations must be written 
for regions O € x <3 mand 3 m<x< 6 m of the beam. The free - body diagram of the beam' s segment 
sectioned through an arbitrary point within these two regions is shown in Figs. b and c. 


Region 0 < x<3 m, Fig. b 


1/4 
+ TF, =0; 4 -V= 
id 5) Ñ 


1/4 Xx 2 3 
EM =0: == => = pS AS ] 
(+ 0; m3 5)05)+4s 0 M l y* ax) xo m 


Region 3m<x<6m, Fig. c 
+1 ER, =0; V-4(6-x)=0 V =(24 -4xPkN 


(+24 =0, -M -4(6- »] y(6- »)] =0 M=(-26-x)2)kN-m (4) 


The shear diagram shown in Fig. d is plotted using Eqs. (1) and (3). The value of shear just to the left and just to the 
right of the support is evaluated using Egs. (1) and (3), respectively. 


=-2(3%)-4= 
ios m-=238 )-4 =-—10kN 
Vlo3 my = 24-43) = 12kN 


The moment diagram shown in Fig. e is plotted using Eqs. (2) and (4). The value of the moment at support B is 
evaluated using either Eq. (2) or Eq. (4). 


l.-3 m 


=-208?)-4(3)=—18KN -m 


M]| =-2(6- 3? =-18kN -m 


x=3 m 
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7-58. Determine the largest intensity wy of the distributed 
load that the beam can support if the beam can withstand a 
maximum shear force of V ax = 12001b and a maximum 
bending moment of Mmnax = 600 1b - ft. 


Since the loading is discontinuous at the midspan, the shear and moment equations must be written 
for regions 0 < x <6 ft and 6 ft <x < 12 ft of the beam. The free - body diagram of the beam' s segment 
sectioned through the arbitrary point within these two regions are shown in Figs. band c. 


Region 0 < x <6ft, Fig. b 
+ TER, =0; 7.5wp — wyx-V =0 V =wp(7.5- x) 


(iu =0; Mw 5)-T5wx=0 M==22(15:- 12) (2) 


Region 6ft <x<12ft, Fig. c 
+1 EF, =0; 10.5wp — 2wp(12—x)+V =0 V = wo(13.5-2x) 


(211 =0; 10.5w0(12—x)-2w0(12- | 3a2 -x)] -M=0 


M=wo(=x?+13.5x-18) (4) 


The shear diagram shown in Fig. dis plotted using Eqs. (1) and (3). The value of the shear at x = 6 ftis evaluated 
using either Eq. (1) or Eq. (3). 
Von = wo(7.S -6) = 1.5wp 


The location at which the shear is equal to zero is obtained by setting V = 0 in Eq. (3). 
0= wp(13.5-—2x) x=6.75ft 


The moment diagram shown in Fig. e is plotted using Eqs. (2) and (4). The value of the moment atx = 6 ftis evaluated 
using either Eqs. (2) or (4). 


-”0 + EEN 
Ml.-6n = HIS6-6 )= 27wp 


The value of the moment at x = 6.75 ft (where V = 0) is evaluated using Eq. (4). 
Ml.-6751 =0[-6:75? +13.56.75)- 18] = 27.5625wo 


By observing the shear and moment diagrams, we notice that Vinax =10.5wy and M max = 27.56wg . Thus, 
Vinax = 1200 = 10.5wp 
wo =114.29 Ib-ft 
M max = 600 = 27.56wg 
wo = 21.8 1b/ft (control! ) 
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ZWo(6) 


o<x<óft Cb) 


2Wo(/2-X) 


M 
(c) Gfe<xs/2ft ( 
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7-59, Determine the largest intensity wp of the distributed 
load that the beam can support if the beam can withstand a 
maximum bending moment of Mmax = 20kN+m and a 
maximum shear force of V ax = SO kN. 


Since the loading is discontinuous at support B, the shear and moment equations must be written 
for regions O < x <4.5 m and 4.5 m < x <6 m of the beam. The free - body diagram of the beam' s 
segment sectioned through the arbitrary points within these two regions are shown in Figs. b and c. 


Region 0 < x <4.5 m, Fig. b 
+ 1 ER, =0; 2.167wp — wox-V =0 V = wp(2.167- x) 


(1 =0;, M +wox[5) -2.167wpx =0 M =wp(.167x -0.5x2) (2) 


Region 4.5 m< x <6 m, Fig. c 


M= 6-0 


The shear diagram shown in Fig. dis plotted using Eqs. (1) and (3). The value of the shear just to the left 
and right of support B is evaluated using either Eq. (1) or Eq. (3), respectively. 
vL- 45m - = *0(Q.167- 4.5) = -2.333wg 


= 2_ 


The location at which the shear is equal to zero is obtained by setting V = 0 in Eq. (1). 
0= wp(2.167- x) x=2.167 m 


The moment diagram shown in Fig. e is plotted using Egs. (2) and (4). The value of the moment atx = 2.167 m 
(V = 0) is evaluated using Eq. (2). 


Ml.-2167m = wo|2.167(2.167) - 0.5(2.1672)] = 2.347wp 


The value of the moment at support Bis evaluated using Eqs. (2) or (4). 


wo 3 
Mi" ==" (6- 4.5)” =-0.375w9 


By observing the shear and moment diagrams, we notice that Vinax =2.333wp and M max = 2.347wg . Thus, 
Vmax = 80 = 2.333wg 
wo = 34.29kN /m 
M max = 20= 2.347wp 
wo = 8.52kN /m (control!) 
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Uo(4-5) — Z(%)J01:5) 


o:'5m 
By=3.083W> 


o<x<4 sm (b, 


E) ] (6-1) 


ex Hl 
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*T-60. Determine the placement a of the roller support B 
so that the maximum moment within the span AB is 
equivalent to the moment at the support B. 


Since the loading is discontinuous at support B, the shear and moment equations must be written 
for regions O < x <a and a< x <L. Thefree - body diagram of the beam' s segment sectioned through 
the arbitrary points within these two regions are shown in Figs. band c. 


Region 0 < x <a, Fig. b 
=0: wo 2 pes = 0 
+ TER, =0; q Cal -L )- wpoxr-V=0 V = 7 QaL- 1? - 2ax) (1) 


EM =0; M Z|-ir-2yx=0 M=lVa -Lx-a?l Q 
(+ +02) e x e x ax?] (2) 


Region a <x< L, Fig. c 
+ TER, =0; V-wo(L-x)=0 V =wpo(L-x) 


Gu =0; -M —wo(L -x [zu -a)] =0M= Ha -x? (4) 


The location at which the shear is equal to zero is obtained by setting V = 0 in Eg. (1). 
2aL —L? 


0= 22 (2aL — 2 - 2ax) x 
2a 2a 


The maximum span moment occurs at the position at which V = 0. Thus, using Eq. (2), we obtain 


Ufa de) ] za 


The support moment at B is evaluated using Eq. (2). 


The support moment at B can also be computed from Eq. (4). 


W 
M suppport = HU -ay 


Here, we require [Mmax )span |= [Msupporr| Thus, 


9 aL - Py = YO (Lay 
8a? 2 


anL 
ur 
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7-61. The compound beam is fix supported at A, pin 500 Ib /ft 
connected at B and supported by a roller at C. Draw the 
shear and moment diagrams for the beam. 


The support reactions atA and C and the interaction force at pin connection B are indicated on the 
free - body diagram of members AB and BC of the compound beam shown in Figs. a and b.Since the 
loading is continuous through the entire beam and the interaction force at the pin connection at B is 
internal to the beam, the shear and moment equations can be described by a single function. The 

free - body diagram of the beam' s left segment sectioned through an arbitrary point is shown in Fig.c. 


By referring to Fig. c, we have 
+ Y XR, =0; 3000 — 500x — V = 0 V = (3000- 500xy lb 


(4 =0: mM +s00%| 5 )+ 6750-— 3000x = 0 M =13000x -250x? — 6750) Ib-f (2) 


The shear and moment diagram shown in Figs. d and eare plotted using Eqs. (1) and (2), respectively. The 
location at which the shear is equal to zero is obtained by setting V = 0 in Eq. (1). 
0 = 3000 — 500x x= 6ft 


The value of the moment at x = 6 ft (V = 0) is computed using Eq. (2). 


Ml. r = 3000(6) -— 2506?) 6750 = 2250 1b -R 
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500(6) Ib 


Ayr200016 09 ea15001b 


M,=6750 16H By=/5001b E 15001 
( (b) | 


Ma = 6750 Ib:Je 


VCIb) 


MClb:fe) 
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7-62. The frustum of the cone is cantilevered from point 
A. If the cone is made from a material having a specific 
weight of y, determine the internal shear force and moment 
in the cone as a function of x. 


Using the similar triangles shown in Fig. a, 


=n+Px=2h +0) 


L_ Li 
ro  ?2m 


L'=L 


Thus, the volume of the frustrum of the cone shown shaded in Fig. ais 


2 
=Lg/20, —L 
y=52 2.0] (L+ x) 3 L 


las e -1] 
L 


The weight of the frustrum is 


W=W= mofa 9 -1?] 


The location Y of the center of gravity of the frustrum is 


1,20 de - Lg? 
- mA a+] L+o| q(+»)] 70 


le 3) _ (+0*-Plar+L) 


2 3,3 
Ty 3_73 (L+ xy” -L 
E [+ x) -1?] 


Using these results and referring to the free - body diagram of the frustrum shown in 
Fig. b, 


+ TER, =0; Ls me fue ap - 12|=0 


“ melo, 19-12] 


(au =0; - eee 2 a +y-B Jaca (L+x)? —-L34x+ 2- Ó 
a 4((L+xP -1*] 


Mas mo? fu +1) -L3(4x+ L)] 
212 
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7-63. Express the internal shear and moment components 
acting in the rod as a function of y, where 0 <= y <= 4ft. 


Shear and Moment Functions : 
EF, =0; y =0 


ER =0;  V,-4(4-y)-8.00=0 
V, = (24.0-4y) lb 


dy 
M, (1-1 (2)-8.00(4-») =0 
M, = (y? -24y+64.0) lb- fi 
M, -8.00(1)=0  M,=8.001b-ft. 


M,=0 
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*7-64. Determine the normal force, shear force, and 
moment in the curved rod as a function of 6. 


Fa ”= £ ver 40) coso - -wrsin09 


Fay = [m(rd0)sin0 = - wr(1- cos0) 
y ER =0  V- (wrsinG)cos0 — rm(l-cos0)sinó = 0 
V= wr sinó Ans 
Ñ ER =0; N+(wrsin6)sin0 — rw(l-cos0)cos9 = 0 
N = wr(cos6 -1) Ans 
(IMo = 0; wr(c0s8 -1)r-M=0 


M = wr*(cos9-1) Ans 
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e7-65. The shaft is supported by a smooth thrust bearing 
at A and a smooth journal bearing at B. Draw the shear and 
moment diagrams for the shaft. 


4o00lb Gboolb 300Ib 


-— 2 ft —¡— 2 ft . 214 > 


Shear diagrar 
(b) 


MClb:fe) 


Moment diagram 
(C) 
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7-66. Draw the shear and moment diagrams for the 
double overhang beam. 


hy =/0 KN By” /0KN 
(22) 


moment Aiazram 


(Cc) 
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7-67. Draw the shear and moment diagrams for the 
overhang beam. 


-4:5 
Slear Aagram 


moment Aiagram 
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*7-68. Draw the shear and moment diagrams for the 
simply supported beam. 


Y) 4 6 


moment diagram 
(C) 


7 Solutions 44918 1/27/09 10:39 AM Page 619 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


7-69. Draw the shear and moment diagrams for the 10 kN 10kN 


simply supported beam. 


Shcar diagram 
(6) 


Moment Aiagram 
(C) 
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7-70. Draw the shear and moment diagrams for the beam. 
The support at A offers no resistance to vertical load. 


po Pp 


2L 


L LE 
3 3 


% 


Moment Aitq tam 
(C) 
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7-71. Draw the shear and moment diagrams for the lathe 60 N 80N 100 N 
shaft if it is subjected to the loads shown. The bearing at A is 


a journal bearing, and B is a thrust bearing. 40 N 


A 
2 Ñ S0 mm 2 mm 50 == A 


200 mm 200 mm 
100 mm 50 mm 


O:/5m* 0-/5m 


sm Y ] 
Af 36-6]N 8/743:33N 


0-0 


07 035 05055 9.65 
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*7-72, Draw the shear and moment diagrams for the beam. 


23 ku 2 kom 


¡a 
la - 
y le) 


z0 


7-73. Draw the shear and moment diagrams for the 
shaft. The support at A is a thrust bearing and at Bitisa 
journal bearing. 
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7-74. Draw the shear and moment diagrams for the beam. 
15 kN /m 


Support Reactions : 


£+1M, =0; D, (3) -8(1) -8(2) - 15.0(3.5) -20=0 
D, =32.167 kN 
+TER =0; 32.167-8-8-150-A, =0 
A, = 1.167 kN 


OXN— ÓkN ¡05 OK 


Aga1-167 EN 0258m )-32./167 KN 
( 
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7-75. The shaft is supported by a smooth thrust bearing at 
A and a smooth journal bearing at B. Draw the shear and 
moment diagrams for the shaft. 


500 N 


300(3) N 


=700 
Shear Alagram 
(b) 


M(N»m) 


15 3 


moment diagram 
(a) 
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*7-76. Draw the shear and moment diagrams for the beam. 


Support Reactions : 


(+EM, =0; — B,(10)-10.0(2.5)-10(8)=0  B,=10.5kN 
+TER =0; A,+10.5-10.0-10=0 A, =9.50kN 


2(5)=/0-0 kN 


e7-77. Draw the shear and moment diagrams for the 100 lb/ft 


shaft. The support at A is a journal bearing and at Bitisa 
q B y 300 Ib - ft 
thrust bearing. ) 
Lin 
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7-78. The beam consists of two segments pin connected at 
B. Draw the shear and moment diagrams for the beam. 


I50(6)1b 


fe 13 
Ay=/016-67b er By"316.E71b Cy 5032 lb 


da 


9400 1b-fe 
VC Ib) 
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7-79. Draw the shear and moment diagrams for the 200 1b /£t 
cantilever beam. 


mb 
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*7-80. Draw the shear and moment diagrams for the 
simply supported beam. 


Since the area under the curved shear diagram can not be computed directly, the value of the moment at x =3 m 
will be computed using the method of sections. By referring to the free - body diagram shown in Fig. b, 


1 
(21 =0: M].-3 m + U00X3(D- 2063) =0 Ml,.-3 y = SKN-m 


3(10)(3) KN 
im 


2106) KN 


3 6 


moment Aiag ram 
(A) 
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7-81. Draw the shear and moment diagrams for the 2000 Ib 
beañ: 500 Ib /ft 


2000 lb 


7-82. Draw the shear and moment diagrams for the beam. 


Support Reactions : 


(+24, =0; B, (1) =woL(7 
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7-83. Draw the shear and moment diagrams for the beam. 


7(8)(3)=12 kN 
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*7-84. Draw the shear and moment diagrams for the beam. 


e EN 


| 
yen) 


135.15 Ñ 


A 3625 
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7-85. The beam will fail when the maximum moment 
is Mmax = 30 kip * ft or the maximum shear is V pax = 8 kip. 
Determine the largest intensity w of the distributed load the 
beam will support. 


= 4y 


= 2 kip/fi 


ar =-6w; -30= -—6w 


w = 5 kip/ft 


Thus, —w = 2 kip/ft 
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7-86. Draw the shear and moment diagrams for the 
compound beam. 


Po 
A 


| 
f 
j 
£ 
i 
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7-87. Draw the shear and moment diagrams for the shaft. 
The supports at A and B are journal bearings. 


AN E 


600 ll -, 
| NR mm 450 mm 


F2000)09) 200000) +(2000)(0-45) 
JOON 1200N  42£ON 


+TEF,=0;  1022.2-(2000)0.3)-$W., =0 
My =722N 
LK +IM=0; — Mos + F(2000)(0.3X0. 1)- 1022.2(0.3) = 0 


Mos =277N- m 


Ar =/022:2 N 


VU) 
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*7-88. Draw the shear and moment diagrams for the beam. 5 kip/ft 


15 kip - ft 15 kip - ft 


Support Reactions : From FBD (a), 


(+1M, =0;  B,(10)+15.0(2)+15 
-50.0(5) - 15.0(12) -15=0 
B, =40.0 kip 
+TER =0; A, +40.0-15.0-50.0-150=0 
A, =40.0 kip 


Shear and Moment Diagrams : The value of the moment at supports 
A and B can be evaluated using the method of sections [FBD (c)]. 


(+240=0; M+15.0(2)+15=0  M=-45.0kip-ft 


Mcrip: ft) 
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e7-89. Determine the tension in each segment of the 
cable and the cable's total length. Set P = 80 lb. 


Tap cos 59.04*(3)+ Tap sin 59.04*(7) - $0(7) - 80(3) = 0 
Tao = 78.188 lb =78.2 lb Ans 


78.188 cos 59.044, =0 A, =40.227 lb 


A, +78.188 sin 59.04”-80-50=0 A, =62.955 lb 


| A = 62.955 Ib 


SIR, =0,  Ticcosó-40.227 =0 


+TIR 50;  -Ticsing+62.955=0 A 
Solving Eqs.(1) and (2) yield: 4590-2271 NH 
$2 57.429 re 
Tac =74.7 1 (b) 
JoiatD : Y 
EF, =0; 78.188 cos 59.04” -T¿p cosó = 0 Toy" 78-108 Ib 
+TEF, =0; — 78.188 sin 59.04? -Tzp sin9-S0 =0 
Solving Eqs.(3) and(4)yields : 
0=22.96* 
Top = 43.7 lb 


E 4 


NR ES 
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7-90. If each cable segment can support a maximum tension 
of 75 lb, determine the largest load P that can be applied. 


(62M, =0: — - Tap (cos 59.04) 2 + Tap (sin 59.049) (10)- 50(7) - PO) = 0 
Tao = 0.39756 P + 46.383 
DER =0  -A, + Top cos 59.04 = 0 
+TER, =0; A, - P - $0 + Tap sin 99.04" = 0 
Assume maximum tension is in cable BD. 
ho =75b 
P a 71.98 b 
A, = 38.59 lb 


A, = 51.670 b 


Tac = /G8. + (57. =609.39b< 75b OK 


0 (E) «a 


JoimC: 


SIR 20,  Tepcosp- 69.39c08 56.21" = 0 


+TER, =0, Toysinó + 69.39 sin 56.21" - 71.98 = 0 
Teo = 41.2b<75b OK 
$ = 2.3 


P=720b  Ans 


7/98 1b 
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7-91. The cable segments support the loading shown. 
Determine the horizontal distance xg from the force at B to 
point A. Set P = 40 lb. 


(+xm4 =0: — -Tepcos 33.69*(13) - Tepsin 33.69*(3) +60(13) +40(5) =0 Ax i 


Teo =78.521 lb 
> EF, =0;  40+60-78.521 cos 33.69 A, =0* 


A, = 34,667 lb 


+ TER, =0; A -78,521 sin 33,69 =0 


A, = 43.555 lb 
Joim A: 
> EF,=0; Tu cos0-34.667=0 (1) 
+ TER, =0; — 43.555-Tysinó =0 (2) 
Solving Eqs.(1) and (2) yields : An 43.505 lb 
9=51.48* A=34.667 lb 


Tasa = 55.67 lb e 
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*7-92. The cable segments support the loading shown. 
Determine the magnitude of the horizontal force P so that 
X= 6 ft. 


(+ 10 =0;  Tiacos 39.81*(10)+Ti» sin 39.81%(6) — 60(2) - P(10) = 0 


11.5237, 4 - 10P = 120 (1 
Joint B : 
AER =0; — Tin cos 19.25” —Psin 69.44% = 0 (2) 
Solving Eqs.(1) and (2) yields : 
P=84.01b Ans 


Tas = 83.32 1b 
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7-93. Determine the force P needed to hold the cable 
in the position shown, i.e., so segment BC remains 
horizontal. Also, compute the sag yg and the maximum 
tension in the cable. 


Qs - DBbc =3P (3) 


Combining Eqs. (1) and (2): 


16 
Y 


3 
—====Tc0 
Y On - 3 +9 


15 - 2 ya 


Os - 3P +9 e 


From Eqs. (1) and (3) : 3 ygP —- 16 yg +48 = 0 
From Egs. (4) and (5) : Ya =3.53m  Ans 
P=0.8kN  Ans 


Tas = 6.05kN 
Tac = 4.53kN 


Teo = 4.60 kN 


Tna =7Tp8 = 8.17kN  Ans 
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7-94. Cable ABCD supports the 10-kg lamp £ and the 
15-kg lamp F. Determine the maximum tension in the cable 
and the sag yg of point B. 


ISCIB)A 


po(58I)N 


T¿p cos 75.96*(2)+ Top sin 75.964) 


- 15(9.81(4)- 10(9.811(1) =0 
Teo = 157.30 N ñ 


157.30 cos 75.96-A,=0  A,=38.15N Ar SN 


A, +157.30 sin 75.962 — 15(9.81)- 10(9.81) =0 


A, =92,65N 


LEE =0; TigcosO-38.15=0 
+TER =0; 9.65-Tigsin0=0 


Solving Eqs.(1) and (2) yields : 
8=67.62* Tia = 100.2 N 


ya = (1)tan67.62? = 2.43 m 


5xIR=0; 157.30 c08 75.96” -T,ccos 8.132=0  Tc=38.54N 


+TZR =0; 157.3 sin 75.96”-—38.54 sin 8,13? 15(9.81)=0 (Check) 


Tax = Tep = 157 N Ans 
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7-95. The cable supports the three loads shown. Determine 
the sags yg and yp of points B and D. Take P, = 4001b, 
P, = 250 1b. 


15 ft 12 ft + 


20 


A A, 
y (14=y,)2 + 400 


14 — ya 


E a 
y (14=yp)1 + 400 


32yp - 168 


Pe ol 
/(14=y Y + 400 


15 20 


A A 
y (14-yp) + 225 y (14-yp)? + 400 
14 — y» 14 — ya 


A. A 
/(14—yp)2 + 225 /(14-yp)? + 400 


—0yp + 490 — 15yp 


/014-y,)? + 400 


—20yp + 490 — 15yp 


y/(14=yp)? + 225 


hc =0 
Tc -40=0 
Tac = 6000 


Tep = 8000 


AD 


SER =0 12 15 


a A 
Já+ypY + 144 7 (14 yp)2 + 225 


=0 


4+ Yo 14 — yo 


E E, EL 
Y/(á+ YpY? + 144 y (14- y,)? + 225 


-108 + 27 
2-90 Fo = 3000 


/(14-yp) + 25" 


+TER =0; Top - 250= 0 


Combining Eqs. (1) £ (2) 


79yy + 20yp = 826 
Combining Eqs. (3) € (4) 


45y¿ + 276y, = 2334 
Ya = 8.67 fl Ans 


Yo = 7.04 ft Ans 
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*7-96. The cable supports the three loads shown. 
Determine the magnitude of Py if P,=300lb and 
yg = 8ft. Also find the sag y p. 


P, P, 


P; 
—12 ft 20 ft L 15 ft 12 ft + 


20 12 
E NW 
Ja fa0s 


E EN É2_r, -300=0 


/436 y/208 
Tas = 983.3 1b 


Tac = 8542 Mb 


15 


e 
UD da 
Jas /(14-yp2 + 3 


=0 


14 - yp 


L_ (854.2) ¿AA Tp) - A =0 
y/436 /(14-yp)? + 225 


(2) 


12 15 


y A Tep = 0 
JAryp)a + 144 [143 2 + 205 


4+ Yo 14 - y, 


== Tpg - === 
Y(4+ Yp)? + 144 /(14-yp? + 225 
Ml 3600//225 + (14 — yp)? 


Ten = 27yp — 108 


Tcp —- 300 = 0 


Substitute into Eq. (1) : 
Yp = 644K Ans 


Tep = 916.1 Ib 


P, = 658 lb 
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»7-97. The cable supports the loading shown. Determine 
the horizontal distance xg the force at point B acts from A. 
Set P = 401b. 


Xp-3 - 


> TT, = 
VD +64 


4 Xp-3 


3 
- + ————— he - —]=Yp= 0 
3%) = + BO 5 
2 3 


+TXEB =0; Tac - =T, 
5 a ya. ya 


30 — 2%y 


Solving Eqs. (1) £: (2) 


7-98. The cable supports the loading shown. Determine 
the magnitude of the horizontal force P so that xg = 6 ft. 


Solving Eqs. (1) £ (2) 


18 — 102 
P=7141b 
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7-99, Determine the maximum uniform distributed 
loading wy N/m that the cable can support if it is capable of 
sustaining a maximum tension of 60 kN. 


The Equation of The Cable : 


1 
y=5 [tundra 
H 


1 yw, 
=¿E*+ax+c,) 


Boundary Conditions : 
y=0 au x=0, then from Eq.(1] 


2 =02x=0, ten from Eq.[2) 


Thus, 


y=7matx=30 m, then from Eq.(3] 1=2(30) =P 
H 


0 = 8... 22x = 30 m and the maximum tension occurs when 0 = 6,,,, . From Eq.(4] 


0, = = Lx =0.01556(30) =0.4667 
30m Wo 


Oman =25.02* 


The maximum tension in the cable is 


wy = 0.846 kN/m 
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*7-100. The cable supports the uniform distributed load 
of w, = 600 lb/ft. Determine the tension in the cable at 
each support A and B. 


Use the equations of Example 7 - 12, 


Ha 
>> 


600 
152 A 


600 
10 > 7 Os - Y 


600 600 
zas” 210 47 > 


* = 1.5(625 - S0x + e) 
0.54 - 75x + 937.50 2 0 
Choose root < 25 ft, 


x= 13.76f 


wo 600 
Fu y zas (1.70? = 3788 b 


wo 600 e 


po A ” 70788) 


dy 
dx - mó - AX = 2.100 


CA = 65.36" 


Fu 3788 


AA DO 9.09 kip Ans 


wo 600 e 


o Y ao, 
225 7 26) 


z = tanó, = 0.15838 1.780 


zx (23 - 13,76) E 
9 = 60.67 


Fa . 3738 


Le amar 


= 7733 =7.73kip Ans 
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e7-101. Determine the maximum uniform distributed 
load wy the cable can support if the maximum tension the 
cable can sustain is 4000 lb. 


Use the equations of Example 7 - 12, 


a 
"75 


wo 
15 = 1 


wo 
10 a Ta Sr 


Ed 
15 


1 2 
.yqe-:. 


P a 1.5(625 - S0x + 2) 
0.5 — 75x + 937.50 = 0 
Choose root < 25 ft 


x= 1376f 


Wo wo 


Maximum tension occurs at B since the slope y of the cable is gremest there. 


es EL A 
"2 Fa  6.31378w 
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7-102. The cable is subjected to the triangular loading. If 
the slope of the cable at point O is zero, determine the 
equation of the curve y = f(x) which defines the cable 
shape OB, and the maximum tension developed in the cable. 


z SS waranar 


1 ff 500 - 
iria 


1 50, 
a —|(= dx 
¿IG + C,) 


= A + Cjx + C,) 


Er 9 


ix=15ft, y=8R 


y = 23110)x? 


so 


a laa 


THE1,.6) = 57.999 
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7-103. If cylinders C and D each weigh 900 lb, determine 
the maximum sag h, and the length of the cable between the 
smooth pulleys at A and B. The beam has a weight per unit 
length of 100 Ib/ft. 


Since the loading and system are symmetric as indicated in the free - body diagram shown in Fig. a, 


+ TER, =0; 2(900sinG max )- 100(12) = 0 
Omax = 41.81? 


FH =Tmax “058 max = 900cos 41.81? = 670.82 1b 


As shown in Fig. a, the origin of the x— y coordinate system will be set at the lowest point of the cable. 


Integrating the above equation, 
Y. 0.1491x+C: 
de A Xx 1 


Applying the boundary condition a = Oat x= 0 results in C; = 0. Thus, Eq. (1) becomes 


dy 
2 =0.1491 
po Xx 


Integrating, 
y = 0.074541? +C, 


Applying the boundary condition y = O at x = 0 results in C7 = 0. Thus, Eq. (1) becomes 
y =0.07454x? 


Applying another boundary condition, y = h, at x= 6ft, 
h =0.07454(6?) = 2.68 ft 


The differential length of the cable is 


2 
ds= fa? + dy? = 193 dx = di + 0.02222:2 ar 
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Thus, the total length of the cable is 


6 ft 
| as=2| E 0.02222x? dx 
0 


6 ft 
=0.2981| 45+ x? dx 
0 


ft 


025012 +x? +45 mf + das+ 2 ] 


=13.4ft 


100(12) 1b 
(a) 
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*7-104. The bridge deck has a weight per unit length of 
80 kN/m. It is supported on each side by a cable. Determine 
the tension in each cable at the piers A and B. B 


75m 


TAIANA AAA OO 00117 


As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. Since the bridge 
deck is supported by two cables, mx)= 2- 40kN /m. 

dy _ w() _ 4010?) 

al Fu  FH 
Integrating, 

dy - 20007) 

d Fa 4 


Applying the boundary condition 2 - 0t x= OresultsinC, = 0. Thus, 


E 2. 
dx Fh 


Integrating, 
103 
y= La ),2 +C2 
Fh 

Applying the boundary condition y = O at x = 0 results in C = 0. Thus, 

3 
2000) 2 
y= FH x 


Applying two other boundary conditions y = 75 mat x = xg and y = 150 mat x = (1000— xp) 
3 
75= ADD? 
F 


3 
150= A [1000 — 0? 


Solving these equations 
xq = 41421m Fy = 45.75(10%) N 


Substituting the result for F yy into Eq. (1), 


3 
Y - 20) 0874410? yx 


de 4s75(10ó) 
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Thus, the angles the cables make with the horizontal at A and Bare 


Op = a 2 Delano? xa1421)]|= 19.919 
B 


o, jur = ftan”* /0.874310” [-(1000- 414.20 ]]|= 27.12 
2 Lp | 


6 
F 
Tp = —-- L2500)._. 48.66(10%) N = 48.7 MN 
cosOg  cos19.91 


6 
7, = E - 875002. 51. 400106) N = 51.4MN 
cosÓA  00s27.12* 
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e7-105. If each of the two side cables that support the 
bridge deck can sustain a maximum tension of 50 MN, 
determine the allowable uniform distributed load w¿ caused 
by the weight of the bridge deck. 


As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. Since the bridge 


deck is supported by two cables, w(x)= 2. 


_ wp/2_ wo 
H 


da?  FH 


Integrating, 


Applying the boundary condition - = Oat x = 0 results in C; =0. Thus, 


bh _ w 


de 2H 
Integrating, 


w»O 


2 
+C 
dp? 


y= 


Applying the boundary condition y = 0 at x = 0 results in C) = 0. Thus, 
= 0 
MT 
Applying two other boundary conditions y = 75 mat x = xg and y = 150 mat x = (1000-— xp), 
w”»o 2 


75= 
4FH 


wo 2 
150= ——|-(1000 — 
4FH ( x0)] 


Solving these equations 
xq = 414.21m Fy = 571.91w 


Substituting the result for F yy into Eq. (1), 


dy wo 


o A 3 
2 ASI)" 0.874310>)x 
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By observation, the angle the cable makes with the horizontal at A (0, ) is greater than that at B(Op ). Thus, the cable 
tension at A is the greatest. 


a fan” (osrax10> [1000- 41420) =27.120 


By setting 7, = 50(10ó)N, 
l = HFH_ 
c0s 0 4 
571.91w 
cos 27.122 
wo = 7784104) N/m=77.8kN /m 


s0(106)= 
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7-106. If the slope of the cable at support A is 10%, 
determine the deflection curve y = f(x) of the cable and the 
maximum tension developed in the cable. 


The triangular distributed load is described by w(x)= q = 12.5x 


a?y _ WA) _ 125. 


500 1b/£t 


Applying the boundary condition a = tan 10% at x = 0 results in C¡ = tan10”. Thus, 


D- £S 2 e tan 10? 
da  Fy 


Integrating, 
y= ca tan10%x+C» 
Fy 


Applying the boundary condition y = O at x = 0 results in C) = 0. Thus, 
y= Pi e + tanl0?x 
Fy 
Applying the boundary condition y = 10 ft at x= 40ft, 
10=2083 0)? + tan10%40) 
Fy 


Fy = 45.245(107) lb 


Substituting the result into Egs. (1) and (2), 


CA —£2 22 4 am 10 
dx 45.245(10”) 


=0.1381(103 )r? + tan 10? 


_ 2,0833 
45.245(10*) 
46,3 . 
=46.0(10 “x” +0.176x 
The maximum tension occurs at point B, where the cable makes the greatest angle with the horizontal. Here, 


Omax = cnt )- nl e = 21.67" 
delao fe 45.245(107 ) 


x3 +tanl0*x 


Fa as24sq0*) 3 ] 
o e = 48.69(10 lb = 48.7 ki 
CosÓ max “os21.67” ) d 


Tnax = 
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7-107. 1 h = 5 m, determine the maximum tension 
developed in the chain and its length. The chain has a mass 
per unit length of 8 kg/m. 


As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. 
Here, w(s)= 8(9.81)N /m=78.48 N /m. 


Integrating, 


1 usd 7) 128 
H 


F 


Applying the boundary condition u = 2 = Oat x= 0 results in C¡ = 0. Thus, 


78.48 
mu Lu?) Xx 


Fyg 


e*-— 
Since sinh x = 7 , then 


C:2 = sinh 7848 x 
dx F 


Integrating Eq. (1), 


Solving by trial and error, 
Fy = 4969.06 N 
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The maximum tension occurs at either points A or B where the chain makes the greatest angle with the horizontal. Here, 


A — ton 1 sinel 73:48 - o 
Omax = tan (2) (( Fa as) 22.06 


—— = 5361.46N = 5.36 kN 


Referring to the free - body diagram shown in Fig. b, 
+ TER, =0; Tsinó -8(9.81)s=0 

+ EF, =0; Tcos8 — 4969.06 = 0 
Eliminating 7, 


D - mn0=0.0157945 
de 


Equating Eqs. (1) and (2), 


¿ 78.48 _ 
sino 969.06 :] = 0.015794 5 


s= 63.32sinh[0.01579x] 


Thus, the length of the chain is 
L = 2(63.32sinh[0.01579(25)]) = 513m 


$(9-81)S 
(b) 
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*7-108. A cable having a weight per unit length of 5 lb/ft 
is suspended between supports A and B. Determine the 
equation of the catenary curve of the cable and the cable's 
length. 


As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. 
Here, w(s)= 5 1b / ft. 


dy amd 2, cas ? S 
If we set u = Er, then = -——. Substituting these two values into the equation, 


dx? 


Integrating, 


mus AS 
H 


Applying the boundary condition u = 2 = Oat x= 0 results in C; = 0. Thus, 


Applying the boundary equation = = tan30* at x= 75ft, 


tan 30? = sm|o5| 
Fy 


Fy = 682.68 lb 


Substituting this result into Eq. (1), 
Doa 3 
+ simh[7.324(10 y] 
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Integrating, 
y = 136.54cosh [7.324 107 yx] +C» 


Applying the boundary equation y = O at x = 0 results in C) = —136.54. Thus, 
y= 137 cosh[7324( 10-3)1]- da Ans. 


If we write the force equation of equilibrium along the x and y axes by referring to the free - body diagram shown in 
Fig. b, we have 

BER, =0 Tcos0 — 682.68 = 0 

+ TER, =0; Tsinó -Ss=0 


Eliminating 7, 


2- tan0=7.324(107 )s 


Equating Eqs. (2) and (3), 
7.324(10? y = sinh[7.324( 10 y» 
s= 136.54simh7.324( 10? x]r 


Thus, the length of the cable is 
La 2/136:54sinn[ 732410 as) 
=157.66ft = 158ft 
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e7-109. If the 45-m-long cable has a mass per unit length 
of 5 kg/m, determine the equation of the catenary curve of 
the cable and the maximum tension developed in the cable. 


As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. 
Here, w(s)= 5(9.81)N /m=49.05N /m. 

d?y _ 49.05 

da?  Fh 


Setu=D. men du Py - , then 
dx dx? 


Lo 


- P.05 20 


rel u? FH 


Integrating, 


mE +d1+ 2)> +0 
H 


Applying the boundary condition u = o = Oat x = 0 results in C; = 0. Thus, 


In u +++ u?|= Po, 
Fy 
49.05 
x 


stes? =e Fn 


4905 
-——x 


Integrating, 


E e 05. 
- E 0S 


Applying the boundary equation y = O at.x = 0 results in C¿ =-———. Thus, 


Fy 
49.05" 


Fy 49.05 
a) a -] 
>= 79.05 [0 Fg :) | Ñ 
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lí we write the force equation of equilibrium along the x and y axes by referring to the free - body diagram shown in 
Fig. b, 

3 EF, =0 Toos0 — Fy =0 

+ TER, =0; Tsin09 - 5(9.81)s= 0 


Eliminating 7, 
dy 


dx 


Equating Eqs. (1) and (3) yields 
49.055 _ si 49.05 x 

Fh F 
FHá el 


ss — 


49.05 Fh 


Thus, the length of the cable is 


Solving by trial and error, 
Fy =1153.41 N 


Substituting this result into Eq. (2), 
y = 23.5[c08 »0.0425x— 1] m Ans. 


The maximum tension occurs at either points A or B where the cable makes the greatest angle with the horizontal. Here 


lo 


= 1596.36N =1.60kN 
00sÓ max  00543.74? 


5048NS 
(6) 
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7-110. Show that the deflection curve of the cable discussed 
in Example 7-13 reduces to Eq. 4 in Example 7-12 when the 
hyperbolic cosine function is expanded in terms of a series 
and only the first two terms are retained. (The answer 
indicates that the catenary may be replaced by a parabola 
in the analysis of problems in which the sag is small. In this 
case, the cable weight is assumed to be uniformly distributed 
along the horizontal.) 


Using Eq. (3) in Example 7- 12, 


F 1 
E E 
8h 
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7-11. The cable has a mass per unit length of 10 kg/m. 
Determine the shortest total length L of the cable that can 
be suspended in equilibrium. 


As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the cable. 
w(s) =10(9.81)N /m=98.1N /m. 


Integrating, 


mus dis 2) Lc 
H 


Applying the boundary condition u=2 0at x= 0 results in C; = 0. Thus, 


ius dis 2). El, 
Fy 
98.1 


Referring to the free - body diagram shown in Fig. b, 
ER, =0 Toos0 — Fy =0 
+ TER, =0; Tsin0 — 10(9.81)s = 0 
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Eliminating 7, 


SD -tmp= 215 
o 


Equating Egs. (1) and (2), 


The length of the cable between A and Bis therefore 


L= a nl 210) = 0.02039F y dl es) 
981 Un Fa 


Thus, the length of the overhanging cable is 


L-L'=L-—0.2039F y nl 24) 
Fy 


The tension developed in the cable at B is equal to the weight of the overhanging cable. 


- 10959] 1- 0.2039Fy sm 392] 
Fy 


Using Eq. (1), the angle that the cable makes with the horizontal at B is 


ada 20) sn] 222) 
Fh 


From the geometry of Fig. c, 


po Ez 2 
Tp = =Fy Les 224 
— 


c0s Oz = = 
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Equating Egqs. (3) and (4), 


In order for Lto be minimum, — must be equal to zero. 
H 


392.4 392.4 . 
a A +2Fy 
Fn ] == ) 
+ 2sint] 3924 ]_ sin 292: 
Fh Fy Fy 


324]. 392.4 
Fy Fy 


cnn 3 La 392.4) + (Fy - 7848) = 0 
H 
Solving by trial and error, 


Fy = 438.70N 


Substituting this result into Eq. (5) yields 
L=155m 


665 


7 Solutions 44918 1/27/09 10:40 AM Page 666 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*7112. The power transmission cable has a weight per 
unit length of 15 lb/ft. If the lowest point of the cable must 
be at least 90 ft above the ground, determine the maximum 
tension developed in the cable and the cable's length 
between A and B. 


Integrating, 


muda?) Ec, 
H 


Applying the boundary condition u = 2 = 0at x= 0 results in C¡ = 0. Thus, 


1 uds 2 Es 
H 


Applying the boundary equation y = 30 ft at x = xg and y = 90 ftat x = (300 —xp), 
30= 4H 13% |_ (2) 
15 Fu 
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- E ol LI 
90 | Fa Is 


Since cosh(a — b) = cosha coshb — sinha sinhb, then 


pd e cost 0 cop 500 y 130 y 4500 
Fy Fy Fy Fh 


Eq. (2) can be rewritten as 


Substituting Eqs. (4) and (5) into Eq. (3), 
1350 =(450 +F yy) cosh 222 — [202500+ 900F y sin 29. Fh 
Fh Fu 


Solving by trial and error, 
Fy = 3169.58 lb 


Substituting this result into Eq. (4), 
xo =111.31ft 


The maximum tension occurs at pointA where the cable makes the greatest angle with the horizontal. Here, 


= han”! MEA Is ] 
0 =p O (E 19869) 45.47" 


3169.58 
S Ls = cea = 4519.58 lb = 4.52 ki: 
da O max 008 4547 d 
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Referring to the free - body diagram shown in Fig. b, 
EX, =0 Tcos6 - 3169.58 =0 
+ TER, =0; Tsin0 — 155=0 


Eliminating 7, 


2 = 473210 *)5 


Equating Egs. (1) and (6) yields 
4.7310 ?)s= sinh[4.732 107 y] 


s=21131 simb[4:732c107?)x] 


Thus, the length of the cable is 
L=21131 sinb[4.7320x 11 139]+ 21 1.31simh[4:732(10”?X188.69)| = 331 ft 


E=3164. 58 IL 
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e7-113. Ifthe horizontal towing force is T =20kN and the 40m 
chain has a mass per unit length of 15 kg/m, determine the ár h 


F 
maximum sag h. Neglect the buoyancy effect of the water A 
on the chain. The boats are stationary. 


_ cd 


As shown in Fig. a, the origin of the x, y coordinate system is set at the lowest point of the chain. 
Here, Fy =T= 20(103)N and 
w(s) = 15(9.81) N/m=147.15N /m. 


2 Z 
12) =7.3575 10? 192) 
dx ] de 
du a?y 


Set u = 2 then E” EE Thus, 


du 


=7.3575(103)dr 
Á +u 2 


Integrating, 


LE +hí+ 12)- 7.3575103)x+C; 


Applying the boundary condition u = 2 = Oat x = 0 results in C¡ = 0. Thus, 


mf ++ + u? ] =7.3575103)x 
3 
dE F +u?2 =01357X10?)x 


¿735750? )x _ ¿7.3579107? x 
2 


o AR 
dx 


o 
Since sinh x = e - , then 


2 = sinh7.3575(10 > x 


Integrating, 
y = 135.92 c0sh7.3575(10*)x + C, 


Applying the boundary equation y = 0 at x = 0 results in C) = -135.92. Thus, 
y= 135.92 cosh 7.3575. 107 yx — 1] 


Applying the boundary equation y = hatx = 20 m, 
h= 135.92/cosh 7.3575(10?X20)- 1] =1.47m 
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7-114. A 100-lb cable is attached between two points at a 
distance 50 ft apart having equal elevations. If the maximum 
tension developed in the cable is 75 lb, determine the length 
of the cable and the sag. 


ya" - Ej =50 Fy = 55.9 


se = sinh (2x)- y (635) E) 


3 


1227.8R 


wo - 3 =100D/A 


Total length = 2s =55.6f Ans 


a) 


= 106%  Ans 
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7-115. Draw the shear and moment diagrams for beam CD. 
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*7-116. Determine the internal normal force, shear force, 7.5 kN 
and moment at points B and C of the beam. 2kN/m 


AAA na 


6kN 


Free body Diagram : The Support reactions need not be computed for this 
case. 


Internal Forces : Applying the equations of equilibrium to 
[FBD (a)], we have 


5 ER =0; N¿=0 


+TER=0; V.-3.00-6=0 y. = 9.00 kN 
7 Cc c (6) +0 kN-m 


(+ EMc =0; = Mc -3.00(1.5) -6(3) -40=0 1(4J:4.0b1 
=d. KN 


M¿=-62.5kN-m Ans 


Applying the equations of equilibrium to segment DB [FBD (b)] , we have ) 


5 EE =0; N, =0 tom 
+TER=0;  Vy-100-7.5-4.00-6=0 AAA 
b) 


Yo =27.5 kN 


(+204, =0;  -My-100(25)-7.5(5) 
—4,00(7) - 6(9) -40 20 
Ma = -184.5 kN - m Ans 
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e7-117. Determine the internal normal force, shear force 
and moment at points D and E of the frame. 


Support Reactions : Member BC is a two force member. From FBD (a), 


(E =0;  Fjccos 15*(1.5) -600(0.75) =0 
Fac = 310.58 N 


Internal Forces : Applying the equations of equilibrium to segment CE 
[FBD (b)], we have 


A + ZE.=0,  310.58sin1S'-N¿=0 N¿=804N  Ans 
MER. =0;  V2¿+310.58cos 15-300=0  VY¿=0  Ans 


G EM¿=0;  310.58c0s 15*(0.75) - 300(0.375) - M¿ =0 
M¿=1125N-m Ans 


Applying the equations of equilibrium to segment CD[FBD (c)] , we have 
SER =0; Npo+310.58c0s45%=0 Np=-220N Ans 


+TER =0;  -—310.58sin45%-Y,=0 VY)=-220N Ans 


G EM, =0;  Mp¿+310.58sin 45*(0.25) = 0 
Mp =-54.9N-m NSIo7ON 


45 
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7-118. Determine the distance a between the supports in 
terms of the beam's length L so that the moment in the 
symmetric beam is zero at the beam's center. 


Support Reactions :. From FBD (a), 


(+14 =0; ¿L+o(5)-8,10 =0 B, =(L+o) 


Free body Diagram : The FBD for segment AC sectioned through point 
C is drawn. 


Internal Forces : This problem requires M¿ =0. Summing moments 
about point C[FBD (b)], we have 


(+2M- =0; 7 (5)+Fu-a[¿ae0] 
-Fura(g)=o 


2a*+2a.-L* =0 
a=0.366L Ans 
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7-119. A chain is suspended between points at the same 
elevation and spaced a distance of 60 ft apart. If it has a 
weight per unit length of 0.5 lb/ft and the sag is 3 ft, 
determine the maximum tension in the chain. 


baaa 


Performing the integration yields ; 


x= 


a 5 sar (0.5s+ c,]+ c,) 


From Eq. 7-14- 


Applying boundary conditions at x=0; s=0to Eq.[1] and using the result C, =0 
yields C, =0. Hence 


A lo 
s o [3] 


Substituting Eq.[3] into [2] yields : 


2 = sm ( 55) [4] 
Performing the integration 


Es 


Applying boundary conditions atx=0; y=0 yields C, -Z . Therefore 


dxlz 30 75.25 


su (209 ) 0. 11346" 


Ex 1325 rm 
 cosOme cosl1.346% Ano 
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*7-120. Draw the shear and moment diagrams for the beam. 


e7-121. Determine the internal shear and moment in 
member ABC as a function of x, where the origin for xis at A. 


Support Reactions : The 6 kN load can be replaced by an equivalent force 
and couple moment at B as shown on FBD (a). 


(+1M, =0;  Fepsin45*(6)-6(3)-9.00=0 Fey =6.364 kN 
+TER =0; A, +6.364sin45"-6=0 A, =1.50kN 


Shear and Moment Functions : For 0Sx<3 m(FBD (b)), 
+TEE=0; 150-V=0 V=1.50KkN Ans 
(+1M=0; M-150x=0  M=(1.50r) kN-m Ans 

For 3 m<x<S6 m(FBD (c)], 
+TER =0; V+6.364sin"45=0  V=-4.50kN 


(IM=0; — 6.364sin45*(6-x)-M=0 
M = (27.0-4.50x) kN - m 
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7-122. The traveling crane consists of a 5-m-long beam 
having a uniform mass per unit length of 20 kg/m. The chain 
hoist and its supported load exert a force of 8 kN on the 
beam when x = 2 m. Draw the shear and moment diagrams 
for the beam. The guide wheels at the ends A and B exert 
only vertical reactions on the beam. Neglect the size of the 
trolley at C. 


Support Reactions : From FBD (a), 


(+EM, =0; — B,(5)-8(2)-0.981(2.5)=0  B,=3.6905 kN 
+TER =0; A, +3.6905-8-0981=0 A, =5.2905kN 


Shear and Moment Functions : For 0 Sx<2 m (FBD (b)], 


+TER =0;  5.2905-0.1962x-=V=0 
V = (5.29 -0.196x) kN 


(zm=0; M+0.1962x(=)--5.2905x =0 
M=(5.29x-0.098Lx*) kN - m 


For 2 m<x<SS5 m[FBD (c)], 


- 20(9.81) 
+TZR =0,  V+3.6905- 1000 (5-1) =0 


V = (-0.196x -2.71) kN Ans 


20(9.81) 


EM=0;  3.6905(5-x)- 
( 55-23-05 


$-x 
s-a()-m20 
M=(16.0-2.71x-0.0981x*) kN-m Ans 
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*7-123. Determine the internal normal force, shear force, 
and the moment as a function of 0% < 0 < 180” and 
0 <= y <= 2 ft for the member loaded as shown. 


For 0? $ 95 180": 
YH IF, = 0;  V+200c0 0 — 150sin 9 = 0 
V = 150sin6 - 200co10 Ane 
NIF, = 0; N- 20sin8 - 150cos 0 = 0 
N a 150c0s9 + 200sin9  Ans 
(sz = o; —M - 150(1) (1 - cos 6) + 200(1) sin 9 = 0 
M = 150cos 0 + 200sin9 - 1590 Ans 


At section B, 8 = 1807, thus 


NN 
1(U-LosO)ft 150 1b 


Y = 200 lb 
Na = -150D 


ia 1501b 


300 1b-ft 


For0S yS2ft: 
2001b 


SIR =0; V=20lb Ans 
+TIR, =0; Nx=-150b  Ans 
(IM = 0; —M - 300 - 200y = 0 


Mu -300-200y Ans 


678 


7 Solutions 44918 1/27/09 10:40 AM Page 679 = 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*7-124. The yacht is anchored with a chain that has a total 
length of 40 m and a mass per unit length of 18 kg/m, and the 
tension in the chain at A is 7 kN. Determine the length of 
chain /¿ which is lying at the bottom of the sea. What is the 
distance d? Assume that buoyancy effects of the water on 
the chain are negligible. Hint: Establish the origin of the 
coordinate system at B as shown in order to find the chain 
length BA. 


Component of force a A is 
Fiy = Tcos O = 7000cos 60” = 3500 N 


From Eg. (1) of Example 7-13 


A 
18 9.81) 


Y 
de 


sia"[ 5 (18) 0.81) + c,] » c,) 


Since — = 0, s = 0, then 


ds 1 . . 
nn t+ta C;=0 


Alsox =0, s =0, sothaC; = O and the above equstion becomes 


2 = 19.82 (sia"()) 0 


or, 


s. 19.82 (sina(¿=5)) 1) 
From Example 7-13 


dy TA 18 0.80, s 


a 3. a 


Substimting Eq. (2) into Eq. (3), Integrating, 


2 (55) 


Since x= 0, y=0, thenC; = - 19.82 


Thus, 


y = 19.82 (cosn() - wm 


Slope of the cable at point is 
? = tan 60? = 1,732 
Using Eq. (3), 

240 = 19.82 (1.732) = 34.33 m 
Length of chain on the ground is thus 
U= 400-3433 =5.67m Ane 


From Eq. (1), withs = 34.33 m 


44.33 


x= 19.82 (sino (3 


)) = 26.10m 


Using Eq. (4), 


y = 19.82 (cos 535) - 1) 


deya 19.8 m Ano 
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e7-125. Determine the internal normal force, shear force, 
and moment at points D and E of the frame. 


150 lb 
8tan30"ft 


(+ IM =0; — Fcp(8)-150(8tan30?) = 4 


Fey = 86.60 lb 


Since member CF is a two- force member 
YH =M=0 


Np = Feg3»86.6 lb 


(+ 21 =0; — B,(12)-150(8tn30*) =0 


B, =57.735 1 


SER =0; N¿=0 
+TIF,=0;  W+57.735-86.60 =0 
U =28.9 
(4204 =0; 57.735(9) - 86.605) - Mg = 0 


Ms = 86.6 lb- fi 


E,=66.60 Ib 


At 
By75 7351b 
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7-126. The uniform beam weighs 500 lb and is held in the 
horizontal position by means of cable AB, which has a 
weight of 5 lb/ft. If the slope of the cable at A is 30%, 
determine the length of the cable. 


250 
Ta —— = 

sin 30? ads 
Fn = 500 cos 30 = 433.0 1b 
From Example 7- 13, 


S.L 
pa ps + Ci) 


Acs =0,% 2 un30* = 0577 


e. C; = 433.0 (0.STT) = 250 


x= z (siar[ Emos + c] + a) 


830 (yA 
5 (sa [a z 250)] > c,] 


s=04x=0, Cz = - 0.5493 
Thus, 


x= 86.6 (sia [css + 250)] se 05655) 


Whenx = 15ft, 


s=182f  Ans 
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7-127. The balloon is held in place using a 400-ft cord that 
weighs 0.8 1b/ft and makes a 60” angle with the horizontal. If 
the tension in the cord at point A is 150 lb, determine the 
length of the cord, /, that is lying on the ground and the 
height h. Hint: Establish the coordinate system at B as 
shown. 


Deflection Curve of The Cable : 


ds 


ERE where wy =0.8 Ib/ft 
[1+(1Ez) (Uwads)*] 


x= 


Performing the integration yields 
AA Fy =75.0 1b 
x q sio [5 0s:+c.]»c;] From Eq.(3] 


0. 
Latam 607 s= 162.38 fi 


dy d 75 


1 1 
7 EJ mod = 7 0%r+C,) 
Thus, L= 400 162.38 = 238 f 


Boundary Conditions : 
Substituting s = 162.38 ft into Eq. [4], 


dy 1 
7 =0 5 =0. From Eq.(2] O= (04) C, =0 


Then, Eq.(2] becomes 
=tuan0= 0.8s 
Fa 


s=0ax=0 and use the result C, =0. From Eq.[1] 


Pr sinh”* L(0+0) + C¿=0 
3 Fx C; 1 


75 (08 
162.38 = ——sinh! — 
08 E x) 


Reavanging Eq.(1], we have 
x= 123.46 ft 


y = h 1 x = 123.46 ft. From Eq.([6) 


75.0 
ha y ll 


0.8 


79 02:6)]- 1] =93.75 


y =0atx=0. From Eq.(5] 0= cost 0+C,, thus, C;, == 


0.8 
Then, Eq.[5) becomes 
F, 0.8 
ron) ta 


The tension developed at the end of the cord is T= 150 lb and 09 = 60”. Thus 
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e8-1. Determine the minimum horizontal force P 
required to hold the crate from sliding down the plane. The 
crate has a mass of 50 kg and the coefficient of static friction 
between the crate and the plane is yu, = 0.25. 


Free - Body Diagram. When the crate is on the verge of sliding down the plane, the frictional force F will act up the plane 
as indicated on the free - body diagram of the crate shown in Fig. a. 


Equations of Equilibrium. 
EF,” = 0; N— Psin30” - 50(9.81) 008 30? = 0 
EF,» =0; Pc0s30*+ 0.25N — 50(9.81)sin30* = 0 


Solving 


SOC981)N 
30 | 
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8-2. Determine the minimum force P required to push 
the crate up the plane. The crate has a mass of 50 kg and the 
coefficient of static friction between the crate and the plane 
is 1, = 0.25. 


When the crate ¡is on the verge of sliding up the plane, the frictional force F” will act down the plane as indicated 
on the free- body diagram of the crate shown in Fig. b. Thus, F = 4¿N =0.25N and F' = uN” = 0.25N”. 
By referring to Fig. b, 


EF =0; N*—P sin30* — 50(9.81)00s 30” = 0 
EF, = 0; Pc0s30” - 0.25N” — 50(9.81) sin30? = 0 


Solving, 
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8-3. A horizontal force of P = 100 N is just sufficient to 
hold the crate from sliding down the plane, and a horizontal 
force of P = 350 N is required to just push the crate up the 
plane. Determine the coefficient of static friction between 
the plane and the crate, and find the mass of the crate. 


e 


30 


| 


Free - Body Diagram. When the crate is subjected to a force of P =100N, itis on the verge of slipping down the 

plane. Thus, the frictional force F will act up the plane as indicated on the free - body diagram of the crate shown in 

Fig. a. When P =350N, it will cause the crate to be on the verge of slipping up the plane, and so the frictional force 

F' acts down the plane as indicated on the free - body diagram of the crate shown in Fig. a. Thus, F = 4¿N and F'= pp ¿N”. 


Equations of Equilibrium. 
¿X YR, =0; N - 100sin30” — m(9.81)c0s 309= 0 
3» EF, =0; uN +10000830* — m(9.81)sin30* = 0 


ES 4.905m — 86.603 
id Us aoómE 50 


Also, by referring to Fig. b, we can write 
4 ER =0; N'—m(9.81)cos30" — 350sin30"=0 
Bo EF,: =0; 350008 30” —m(9.81)sin30” 1 ¿N' =0 


Eliminating N”, 
Mia 303.11-— 4.905m 
5 175+8.496m 


Solving Eqs. (1) and (2) yields 
m = 36.46 kg 
1, =0.256 
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*8-4. If the coefficient of static friction at A is q, = 0.4 
and the collar at B is smooth so it only exerts a horizontal 
force on the pipe, determine the minimum distance x so 
that the bracket can support the cylinder of any mass 
without slipping. Neglect the mass of the bracket. 


Free - Body Diagram. The weight of cylinder tends to cause the bracket to slide downward. Thus, the 
frictional force F¿ must act upwards as indicated in the free- body diagram shown in Fig. a. Here the bracket 
is required to be on the verge of slipping so that F4 = 4 ¿Ny =0.4NA. 


Equations of Equilibrium. 
+ TER, =0; 0.4N¿ -m g=0 Na =2.5m g 
(5 =0; 2.5mg(0.2)+0.4(2.5m gX0.1)— m (gXx+0.1)=0 
x=0.5m Ans. 


Note. Since x is independent of the mass of the cylinder , the bracket will not slip regardless of the mass of the 
cylinder provided x > 0.5 m. 
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8-5. The 180-lb man climbs up the ladder and stops at the 
position shown after he senses that the ladder is on the verge 
of slipping. Determine the inclination 0 of the ladder if the 
coefficient of static friction between the friction pad A and the 
ground is 1, = 0.4. Assume the wall at B is smooth. The center 
of gravity for the man is at G. Neglect the weight of the ladder. 


Free - Body Diagram. Since the weight of the man tends to cause the friction pad A to slide to the right, 
the frictional force F4 must act to the left as indicated on the free - body diagram of the ladder, Fig. a. 
Here, the ladder is on the verge of slipping. Thus, F4 = uNa - 


Equations of Equilibriam. 
+ T EF, =0; Na -180=0 Na = 180 lb 
+EM g =0; 180(10c0560”)— 1s(180X10sin60*)-— 180(3) = 0 
1000560? — ¡1,1Osin 60? = 3 
1s=0.231 
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$6. The 180-lb man climbs up the ladder and stops at the 
position shown after he senses that the ladder is on the verge 
of slipping. Determine the coefficient of static friction between 
the friction pad at A and ground if the inclination of the ladder 
is 9 = 60” and the wall at B is smooth.The center of gravity for 
the man is at G. Neglect the weight of the ladder. 


=p 
F=3:1t 


Free - Body Diagram. Since the weight of the man tends to cause the friction pad A to slide to the right, 
the frictional force F¿ must act to the left as indicated on the free - body diagram of the ladder, Fig. a. 
Here, the ladder is on the verge of slipping. Thus, F4 = UsNA- 


Equations of Equilibrium. 
+ TER, =0; Na -180=0 Na = 1801b 
(¿Mp =0; 180(10c0560)— 1,(180X10sin60”)- 180(3) = 0 
1800080 — 72sin8 = 54 
45= 0.231 
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8-7. The uniform thin pole has a weight of 30 lb and a 
length of 26 ft. If it is placed against the smooth wall and on 
the rough floor in the position d = 10ft, will 1t remain in 
this position when it is released? The coefficient of static 
friction is 4, = 0.3. 


(¿EM = 0  30(5-M (4 =6 


Ny = 6.251b 
SER, =0; 625-F,=0 

F, = 6.25 
+TER =0 NM-390=0 

M =30b 
(FiJmez = 0.3(30) = 9b > 6.251b 


Yes, the pole will remain stationary. 
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*8-8. The uniform pole has a weight of 30 lb and a length 
of 26 ft. Determine the maximum distance d it can be placed 
from the smooth wall and not slip. The coefficient of static 
friction between the floor and the pole is 1, = 0.3. 


+TIF,=0; N-90=0 
N, = 301b 

Fa =(FiJae =0.3(30) = 91b 

EF, =0 NM-9=0 


N =9b 


(zm = 0;  30(13c0s 6) - 9(26sin 9) = 0 


9 a 59,04? 


d = 26c0s 59.04? = 134f  Ans 
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8-9. If the coefficient of static friction at all contacting 
surfaces is uy, determine the inclination 9 at which the 
identical blocks, each of weight W, begin to slide. 


Free - Body Diagram. Here, we will assume that the impending motion of the upper block is down the plane while the impending motion 
of the lower block is up the plane. Thus, the frictional force F acting on the upper block acts up the plane while the friction forces F and F* 
acting on the lower block act down the plane as indicated on the free - body diagram of the upper and lower blocks shown in Figs. a and b, 
respectively. Since both block are required to be on the verge of slipping, then F= ¿N and F' = uyN”. 


Equations of Equilibrium. Referring to Fig. a, 


EF, =0; N-Wos8=0 N =W0co0s8 


+ 
to EF, =0, T+ us(W 0080) W sin0 = 0 T =W sin0 — usW c0s0 


Using these results and referring to Fig. b, 
+ NZR =0; N”—Wo00s0 - Wcos0 =0 N'*=2W co0s8 
PozF,: =0; 2(W sin 0 —  W cos 0) 1, W co0s8 — .(2W cos 9) — W sin0 =0 
sinó — Su ¿cos8 =0 
0 =tm”! Su, 


Since the analysis yields a positive 0, the above assumption is correct. 
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8-10. The uniform 20-lb ladder rests on the rough floor 
for which the coefficient of static friction is 1, = 0.8 and 
against the smooth wall at B. Determine the horizontal 
force P the man must exert on the ladder in order to cause 
it to move. 


Assume that the ladder tips about A : 
N =0; 

SER, =0 P-F,=0 
+TEF =0 -2D+N,=0 


N, = 20 


QM = 0; 20 (3) -P (4) =0 


P= 15D 


F, = 15 
(FiJmas = 0:8(20) = 16b>15b OK 
Ladder tips as assumed. 


P=15Sb Anms 
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8-11. The uniform 20-lb ladder rests on the rough floor 
for which the coefficient of static friction is 1, = 0.4 and 
against the smooth wall at B. Determine the horizontal 
force P the man must exert on the ladder in order to cause 
it to move. 


Assume that the ladder slips at A : 


FE, =0.4N, 


+TEF, =0; N-0=0 
N, = 20b 


F, = 0.4 (20) = 8 lb 


(4EMs =0 — P(4)-20)+20(6)-8(8) =0 lh SIA =0 Mo+1-8=0 


Px=1b Ans NM=7b>0 OK 


The ladder will remain in contact with the wall. 
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*8-12. The coefficients of static and kinetic friction 
between the drum and brake bar are , = 0.4 and uy = 0.3, 
respectively. If M = 50 N + m and P = 85 N determine the 
horizontal and vertical components of reaction at the pin O. 
Neglect the weight and thickness of the brake. The drum has 
a mass of 25 kg. 


Equations of Equilibrium : From FBD (b), 
(+2M,=0  50-F,(0.125)=0  F=400N 
From FBD (a), 


(a =0,  85(1.00) +400(0.5) - N¿ (0.7) =0 
Ny = 407.14 N 


Friction : Since Fy > (F;),,,, =1,Ng =0.4(407.14) = 162.86 N, the drum 
slips at point B and rotates. Therefore, the coefficient of kinetic friction should be 
used. Thus, A = 4 Ng =0.3N5. 


Equations of Equilibrium : From FBD (b), 


(za, =0;  85(1.00) +0.3N¿ (0.5) —Ny (0.7) =0 2 
YA SS 


Ny = 154.54 N 25(981)=245:25 N 


From FBD hb). 


+TER =0; 0 -24525-154.54=0 0=40N  Ans 


SER =0; 0.3(154,54)-0,=0  0,=464N Ans 
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*8-13. The coefficient of static friction between the drum 
and brake bar is u, = 0.4. If the moment M = 35N-m, 
determine the smallest force P that needs to be applied to 
the brake bar in order to prevent the drum from rotating. 
Also determine the corresponding horizontal and vertical 
components of reaction at pin O. Neglect the weight and 
thickness of the brake bar. The drum has a mass of 25 kg. 


Equations of Equilibrium : From FBD (b), 
Equations of Equilibrium : From FBD (b), 


(+ Mo =0 35-F(0.125)=0 FE =280N 
+TER=0; 0-24525-700=0 0,=95N  Ans 


From FBD (a), 
SER =0; 280-0,=0 0,=280N 


(+4 =0;  P(1.00) +280(0.5) - N¿ (0.7) = 0 


Friction : When the drum is on the verge of rotating, 
ña = 4,Ng 
280 = 0.4N, 
N¿=700N 
Substituting N¿ = 700 N into Eq.(1] yields 


P=350N 


695 


8 Solutions 44918 1/27/09 1:52 PM Page 696 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


8-14. Determine the minimum coefficient of static 
friction between the uniform 50-kg spool and the wall so 
that the spool does nat slip. 


NS 


0.3 m 


Free - Body Diagram. Here, the frictional force F¿ must act upwards to produce the counterclockwise moment 
about the center of mass of the spool, opposing the impending clockwise rotational motion caused by force T as 
indicated on the free - body diagram of the spool, Fig. a. Since the spool is required to be on the verge of slipping, 
then Fa =psNA 


Equations of Equilibrium. Referring to Fig. a, 
(Ma =0; mg (0.6) T cos 60% 0.3008 60? +0.6) — T sin 60%(0.3sin 60?) = 0 
T=mg 
4 EF, =0 mg sin60”— Ny =0 Na = 0.8660 mg 
+ Y ER, =0; 1 s(0,8660mg ) + mg cos 60” — mg = 0 
1 5=0.577 


Note. Since  , is independent of the mass of the spool, it will not slip regardless of its mass provided u ¿> 0.577. 
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8-15. The spool has a mass of 200 kg and rests against the 
wall and on the floor. If the coefficient of static friction at B 
is (u;)g = 0.3, the coefficient of kinetic friction is 
(1x)8 = 0.2, and the wall is smooth, determine the friction 
force developed at B when the vertical force applied to the 
cable is P = 800 N. 


SER, = 0; Fh-N=0 


+TEFR, =0; 800 - 200(9.81) + Na = 0 


(Do =0; -800(0.1) + Fa(0.4) = 0 


Fa = 200 N 
Na = 1162 N 
(Fp)maz = 0.3(1162) = 348.6 N > 200 N 


Thus, Fa = 200 N 
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*8-16. The 80-Ib boy stands on the beam and pulls on the 
cord with a force large enough to just cause him to slip. If 
the coefficient of static friction between his shoes and the 
beam is (1,)p = 0.4, determine the reactions at A and B. 
The beam is uniform and has a weight of 100 lb. Neglect the 
size Of the pulleys and the thickness of the beam. 


Equations of Equilibrium and Friction : When the boy is on the verge to 
slipping, then F; = (41,) No = 0.4N y. From FBD (a), 


+ TER =0; mp) -T(7)-20=0 (1 


A 12 
LIE =0, 04N)- 5)=0 
Solving Eqs.(1] and [2] yields 
T=416lb  N,=960D 


Hence, F = 0.4(96.0) = 38.4 lb. From FBD (b), 


( EM, =0;  100(6.5) +96.0(8) - a 5) 13) 


+41.6(13) + 41.6sin 30"(7) -A, (4) =0 
A, = 474.1 lb = 474 lb Ans 


SER =0; B, +16(75)-38.6-41:6008 30 =0 


B, =36.01b Ans 


5 
4.1+41.6| — |-41.6 
+ TER =0; 474.1+ Le(5) 
—41.6sin 30” -96.0- 100-B, =0 
B, =231.7 lb= 232 lb Ans 
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*e8-17. The 80-Ib boy stands on the beam and pulls with a 
force of 40 lb. If (u,)p = 0.4, determine the frictional force 
between his shoes and the beam and the reactions at A and 
B.The beam is uniform and has a weight of 100 lb. Neglect 
the size of the pulleys and the thickness of the beam. 


Equations of Equilibrium and Friction : From FBD (a), 


of S 
+ TER =0; N-40()-80=0 Np = 95.38 lb 


5 ER =0; 5 -00(5)=0 E, = 36.92 lb 
Since (Fo) mex = (1,9 Np = 0.4(95.38) = 38.15 lb > F,, then the boy does 
not slip. Therefore, the friction force developed is 


F, = 36.92 lb =36.9 lb 
From FBD (b), 


(+2, =0; — 100(6,5)+95.38(8) -40(5)un 


+40(13) + 40sin 30%(7) -A, (4) =0 
A, = 468.27 lb = 468 lb 
12 


B, +40(5)-26.9240cos 30"=0 


B, = 34.64 lb = 34.6 lb 


468.27+40(=)-4o 
- 4Osin 30? -95.38- 100- B, =0 
B, =228.27 lb =228 lb 
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$-18. The tongs are used to lift the 150-kg crate, whose 
center of mass is at G. Determine the least coefficient of 
static friction at the pivot blocks so that the crate can be 
lifted. 


Free - Body Diagram. Since the crate is suspended from the tongs, P must be equal to the weight of the crate; 
Le., P= 150(9.81N as indicated on the free - body diagram of joint H shown in Fig. a. Since the crate is required 
to be on the verge of slipping downward, F4 and Fg must act upward so that F4 = 4sN q and Fg = UsN y as 
indicated on the free - body diagram of the crate shown in Fig. c. 


Equations of Equilibrium. Referring to Fig. a, 
HER, =0, F gg 00830" — F yyy cos 30” = 0 Fug =Fyp =F 
+ TER, =0, 150(9.81)— 2Fsin30” = 0 F =1471.5N 


Referring to Fig. b, 
(¿Mc =0; 1471.500830%0.5)+ 1471.5sin30%(0.275)— NA (0.5) 5N 4 (0.3) = 0 
0.5N 4 + 0.34 ¿Na = 839.51 (1 


Due to the symmetry of the system and loading, Ng = Na. Referring to Fig. c, 
+ TER, =0; 24 ¿Na — 150(9.81)= 0 


Solving Egs. (1) and (2), yields 
Na = 1237.57 N 
1 5= 0.595 


1) sot9BI)N 


fat E=%Ns 


Na No 
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8-19. Two blocks A and B have a weight of 10 lb and 6 lb, 
respectively. They are resting on the incline for which the 
coefficients of static friction are u4 = 0.15 and ug = 0.25. 
Determine the incline angle 9 for which both blocks begin 
to slide. Also find the required stretch or compression in the 
connecting spring for this to occur. The spring has a stiffness 
of k = 2 1b/ft. 


Equations of Equilibrium : Using the spring force formula, E, = kx 
= 2x. From FBD (a), 


TE =0;  2x+E, — 10sin 0=0 


M+EFR.=0;  N,-10c0s 9=0 


From FBD (b), 
¿EE 0; Fi -2-6sin0=0 
WERE. =0;  N¿-6c0s 9=0 


Friction : 1 block A and B are on the verge to move, slipping would have to 
occur at point A and B. Hence, E, =4,,N, =0.15N, and Fj =41, y Ny 

=0.25N, . Substimting these values into Eqs.(1], [2], [3] and (4] and solving, we 
have 


0=10.6” x=0.184f Ans 
N, =9.329lb  N¿=5.897 lb 
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*8-20. Two blocks A and B have a weight of 10 lb and 6 lb, 

respectively. They are resting on the incline for which the k =21b/ft 
coefficients of static friction are u4 = 0.15 and ug = 0.25. 

Determine the angle 0 which will cause motion of one of 

the blocks. What is the friction force under each of the 

blocks when this occurs? The spring has a stiffness of 

k = 2 1b/ft and is originally unstretched. 


Equations of Equilibrium : Since Block A and B is cither not moving or on 
the verge of moving, the spring force E, = 0. From FBD (1), 


+ ER.=0, F,-10sinG=0 (0 
» 
M+EFR.=0;  N,-l0cos 9=0 

From FBD (b), 


ER.=0; E-6sinG9=0 


se 
N+ER.=0;  Ny-6c0s 0=0 


Friction : Assuming block A is on the verge of slipping, then 
E, =H,¿N, =0.15N, 
Solving Eqs.(1], [2], (3], (4) and [5] yields 


0=8.531% N,=9.889lb  F, = 1.483 lb 
F¿=0.8900lb  N¿=5.934 lb 


Since (Fz)..,, = 4, 9 Ng = 0.25(5.934) = 1.483 lb > F;, block B does not 
slip. Therefore, the above assumption is correct. Thus 


0=8.53% F =148lb  F,=0.890 lb 
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e8-21. Crates A and B weigh 200 lb and 150 lb, 
respectively. They are connected together with a cable and 
placed on the inclined plane. If the angle 0 is gradually 
increased, determine O when the crates begin to slide. The 
coefficients of static friction between the crates and the 
plane are 44 = 0.25 and ug = 0.35. 


Free - Body Diagram. Since both crates are required to be on the verge of sliding down the plane, 
the frictional forces F¿ and Fg must act up the plane so thatF4 = M4NA =0.25N 4 and Fg = UpNg =0.35N g 
as indicated on the free - body diagram of the crates shown in Figs. a and b. 


Equations of Equilibrium. Referring to Fig. a, 
X+ER, =0; Na — 2000050 =0 Na = 200008 0 
* *F¿+ =0; Fgp +0.25(200c0s0 ) - 200sin6 = 0 


Also, by referring to Fig. b, 
VER,» =0; Ng — 1500080 =0 Ng = 150c0s0 
*y EF,» =0; 0.35(150c08 0)- Fgp — 150sin8 = 0 


Solving Eqs. (1) and (2), yields 
9 =16.3" 
Fa =8.231b 


F=035N6 


Nh 
¡E 
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8-22. A man attempts to support a stack of books 
horizontally by applying a compressive force of F = 120 N 
to the ends of the stack with his hands. If each book has a 
mass of 0.95 kg, determine the greatest number of books 
that can be supported in the stack. The coefficient of static 
friction between the man's hands and a book is (11,), = 0.6 
and between any two books (1,), = 0.4. 


Equations of Equilibrium and Friction : Let n” be the number of books 
that are on the verge of sliding together between the two books at the edge. Thus, 
E, =(1,), N =0.4(120) = 48.0 N. From FBD (a), 

+ TER =0;  2(483.0)-n'(0.95)(9.81)=0  n'=10.30 


Let n be the number of books are on the verge of sliding together in the stack 
between the hands. Thus, E = (4,), N =0.6(120) = 72.0 N. From FBD (b), 


+1 EE =0,  2(72.0)-n(0.95)(981)=0  n=15.45 


Thus, the maximum number of books can be supported in stack is 


n=10+2=12 


n(045X381) 


ntogs198!) 


E-72:0N 
IZON 
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8-23. The paper towel dispenser carries two rolls of paper. 
The one in use is called the stub roll 4 and the other is the 
fresh roll B. They weigh 2 lb and 5 lb, respectively. If the 
coefficients of static friction at the points of contact C and D 
are (M)c=0.2 and (u,)p = 0.5, determine the initial 
vertical force P that must be applied to the paper on the stub 
roll in order to pull down a sheet. The stub roll is pinned in the 
center, whereas the fresh roll is not. Neglect friction at the pin. 


Equations of Equilibrium : From FBD (a), 


(+EM¿=0; — P(3)-5(3)=0 


From FBD (b), 


(+24 =0; Fe) -E (8) =0 [2] 


+TER =0; — Nosin 30*+Npsin 45 
— Fesin 60? — Fysin 455 =0 (3] 


SER =0; — Npcos-30*+ F.cos 60* 
—Npcos 45" — F,cos 45%=0 [4] 


Friction : Assume slipping occurs at point C. Hence, FR. = 4, ¿Ne =0.2Nc. 
Substituting this value into Eqs.(1], [2], [3] and [4] and solving we have 


Np=5.713lb  N¿=4951lb  F,=0.901 Ib 
P=0.990 lb Ans 


Since Ep < (FE) max = (4,39 No = 0.5(5.773) = 2.887 lb, then slipping does 
not occur at point D. Therefore, the above assumption is correct. 
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*8-24. The drum has a weight of 100 lb and rests on the 
floor for which the coefficient of static friction is 1, = 0.6. If 
a = 2 ft and b = 3 ft, determine the smallest magnitude of 
the force P that will cause impending motion of the drum. 


Assume that the drum tips : 


x= 1f 
Gum = 0. 10001) + P (5er -r (<a = 0 
P=8.3D 
51 =0 -F+m3(¿=0 
F = 66.71b 
*TIR = 0 N-100-833(2) =0 


N z= 1501b 
Fac = 0.6(150) = 90 lb > 66,7 OK 
Drum tips as assumed. 


P=833b  Ans 


*e8-25. The drum has a weight of 100 lb and rests on the 
floor for which the coefficient of static friction is 1, = 0.5. If 
a = 3 ft and b = 4 ft, determine the smallest magnitude of 
the force P that will cause impending motion of the drum. 


Assume that the drum slips : 


F 2 0.5N 


SER =0; -0sm+P($=0 


+TER 20 -P(3)-100+N =0 
P = 100 
N = 1601b 

(EMO = 0: 1606) + 100 Ejus - 100 Go 20 
x=14R<15R OK 


Drum slips as assumed. 


P=100b Anas 
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8-26. The refrigerator has a weight of 180 lb and rests on a 
tile floor for which ¡,= 0.25. If the man pushes 
horizontally on the refrigerator in the direction shown, 
determine the smallest magnitude of horizontal force 
needed to move it. Also, if the man has a weight of 150 lb, 
determine the smallest coefficient of friction between his 
shoes and the floor so that he does not slip. 


II 


Equations of Equilibrium : From FBD (a), 


+TER =0; _N-180=0 N=180lb 


5 ER =0; P-F=0 (1) 


(+1M, =0; — 180(x)-P(4) =0 (2) —: 


Friction : Assuming the refrigerator is on the verge of slipping, then F= uN | 
= 0.25(180) = 45 lb. Substiwuting this value into Eqs.(1), and [2] and solving 1801b 


P=450lb  x=1.00 ft 


Since x < 1.5 ft, the refrigerator does not tip. Therefore, the above assumption 
is correct Thus 
P= 45.0 lb Áns 


From FBD (b), 
150 lb 
+TER=0; N,-150=0 N,=1501b P=45.0 1b 
A _—__— 


SER =0; F,-450=0 FE, =45.0lb 


When the man is on the verge of slipping, then 


En =4,Na 
45.0 =p1,'(150) 
14,” =0.300 
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8-27. The refrigerator has a weight of 180 lb and rests on a 
tile floor for which u, = 0.25. Also, the man has a weight of 
150 Ib and the coefficient of static friction between the floor 
and his shoes is u, = 0.6. If he pushes horizontally on the 
refrigerator, determine if he can move it. If so, does the 
refrigerator slip or tip? 


A] A 


Equations of Equilibrium : From FBD (a), 


+ TER =0; N-180=0 N=1801b 


5 IR =0, P-F=0 (1) 
(+14, =0; — 180(x)-P(4) =0 (2) 
Friction : Assuming the refrigerator is on the verge of slipping, then F= uN 
= 0.25(180) = 45 lb. Substivuting this value into Eqs.[1], and [2] and solving 
yields 
P=450lb x=100ft 


Since x < 1.5 ft, the refrigerator does not tip. Therefore, the above assumption 
is correct. Thus, the refrigerator slips. ÁAns 

P=450 1b 
From FBD (b), qn 


+TER=0; N,-150=0 N,=150lb 


SIE =0; FE-450=0 E,=450lb 


Since (E)... = 4, Na = 0:6(150) = 90.0 1b > F,, , then the man does not slip. 
Thus, The man is capable of moving the refrigerator. Ans 


708 


8 Solutions 44918 1/27/09 1:52 PM Page 709 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*8-28. Determine the minimum force P needed to push 
the two 75-kg cylinders up the incline. The force acts 
parallel to the plane and the coefficients of static friction of 
the contacting surfaces are M1 = 0.3, ug = 0.25, and 
pc = 0.4. Each cylinder has a radius of 150 mm. 


Since (Fe)... = My Ne =0.4(479.52) = 191.81 N > Feand (Fdo, 
= 41, ¿Ny = 0.25(794,84) = 198.71 N > F;, slipping do not occur at 
points C and B. Therefore the above assumption is correct 


Equations of Equilibrium : From FBD (a), 75(G 81) “7575 N 


. Ñ 3o' 
HE =0: PM, -F-135.75sin 30*=0 K », 


M+ER.=0;  N¿+E,-735.75c08 30 =0 
(+20 =0; E, (1) -Fo(r) =0 
From FBD (b), 
jo EE =0; Ny Ep -1735.75sin 30? =0 
R+ER.=0; — Ny-F,-735.75c08 30*=0 [5 75(981)=735 7SN 
(+ 1m, =0; E,(r)-F(r) =0 16] e 
Friction : Assuming slipping occur at point A, then F, = 11,,N, =0.3N,. 
Substimuting this value into Eqs.(1], (2), [3], [4], [5] and [6] and solving, we 


have 


N,=525.54N  N¿=794,84N 
N¿=479.52N FE. =F, =157.66N 


P= 1051.07 N=1.05kN 
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.8-29. Ifthe center of gravity of the stacked tables is at G, 
and the stack weighs 100 lb, determine the smallest force P 
the boy must push on the stack in order to cause movement. 
The coefficient of static friction at A and B is u, = 0.3. The 
tables are locked together. 


Free - Body Diagram. The impending motion of the stack could be due to either sliding or tipping about point B. We will 
assume that sliding occurs. Thus, Fa = 1¿Na =0.3N q and Fg = 1 sNg =0.WN p. 


Equations of Equilibrium. Referring to the free - body diagram of the stack shown in Fig. a, 
ER, =0 P cos 30? — 0.3N 4 — 0.Vg =0 

+ TER, =0; Na +N g + Psin30”—100=0 

(Ma =0; Np(4)-P 00830 3.5)- 100(2)= 0 


Solving, 
P=29.5N 
Na = 12.9N Ng =72.4N 


Since the result for Ny is a positive quantity, the leg of the chair at A still remains in contact with the floor. This means that the 
stack will not tip. Thus, the above assumption is correct. 
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8-30. The tractor has a weight of 8000 lb with center of 
gravity at G. Determine if it can push the 550-lb log up the 
incline. The coefficient of static friction between the log and 
the ground is , = 0.5, and between the rear wheels of the 
tractor and the ground ¡u, = 0.8. The front wheels are free 
to roll. Assume the engine can develop enough torque to 
cause the rear wheels to slip. 


Log: 
MEF, = 0; Ne - 550cos 10* =0 
Nc = 541.6 1b 
+PTF, = 0;  -0.5(541.6) - 550 sin 10” + P =0 
P = 366.3 lb 


Tracior : 


(¿2 = 0;  366.3(1.25) + 8000 (cos 10”) (3) + 8000 (sin 10?) (2.5) — Ma (10) = 0 


Na = 2757 lb 
+/AEF, =0; * F, - 8000 sin 10? - 366.3 = 0 
F, = 17561b 
(FrJmazx = 0.8 (2757) = 2205 lb > 17561b 


Tractor can move log.  Ans 
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8-31. The tractor has a weight of 8000 lb with center of 
gravity at G. Determine the greatest weight of the log that 
can be pushed up the incline. The coefficient of static 
friction between the log and the ground is q, = 0.5, and 
between the rear wheels of the tractor and the ground 
p, = 0.7. The front wheels are free to roll. Assume the 


engine can develop enough torque to cause the rear wheels 
to slip. 


Tractor : 


(-2Ms = 0;  3000(cos 10”) (3) + 8000 (sin 10?) (2.5) + P (1.25) — Ma (10) = 0 


Ma - P (0.125) = 2710.8 
+AEF, = 0;  0.7N4 — 8000 sin 10? - P =0 
0.7N, - P = 1389.2 
NM, = 2780 1b 
P = 557.151b" 10' 
P=557:151b 
Ne - Wcos 10” = 0 
$57.15 — Wsin 10? - 0.5Nc =0 
Ne = 824 bb 


W«=836lb  Ans 
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*8-32. The 50-kg uniform pole is on the verge of slipping 
at A when 0 = 45”. Determine the coefficient of static 
friction at A. 


Free - Body Diagram. By referring to the geometry shown in Fig”a, 

mi 8 -5S00s 45? 
Ssin45? 

$ =180" — 45" — ar = 83.38 


a = 51.62? 


Since the end A of the pole is on the verge of sliding to the left due to Tac , the frictional force F¿ must act to the 
right such that F4 = 4¿Na as indicated on the free - body diagram of the pole, Fig. b. 


Equations of Equilibrium. Referring to Fig. b, 
(2, =0; Tac sin83.38"(5)- 50(9.81)sin 45%(2.5)= 0 
Tac = 175N 
+ TER, =0; Na +209.50sin 51.62? — 50(9.81)=0 
Na =353.6 N 
FER =0 115(326.26)— 209.5000s 51.62? = 0 
15= 0.306 
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*e8-33. A force of P = 20 lb is applied perpendicular to 
the handle of the gooseneck wrecking bar as shown. If the 
coefficient of static friction between the bar and the wood is 
p, = 0.5, determine the normal force of the tines at A on 
the upper board. Assume the surface at C is smooth. 


DIF, =0; 20c0s4*-F, =0 


F, = 17.32 1b 


(EMc = 0;  M (3) + 17.32 (1) - 20 cos 30? (20) - 20 sin 30? (6) = 0 


N, = 1297Mb =130lb Ans 


Faa = 0.5(129.7) = 64.8 lb > 17.32 1b 


The bar will not slip. 
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8-34. The thin rod has a weight W and rests against the 
floor and wall for which the coefficients of static friction are 
pa and ug, respectively. Determine the smallest value of 9 
for which the rod will not move. 


Equations of Equilibrium : 
SIR =0; E -N¿=0 
+TER=0 N+E-W=0 


(+2M, =0: — Ny (Lsin 6) +F, (cos 6)/- Woos o(5)-0 


Friction : 1 the rod is on the verge of moving, slipping will have to occur 
at points A and B. Hence, E, = 1¿N, and Fj = ¿Ny .Substituting these values 
into Eqs.(1), [2] and [3] and solving we have 


py 
1+ 4,4 1+4,4g 


02 (Luto) 


A 


ETA 


8-35. A roll of paper has a uniform weight of 0.75 lb and 
is suspended from the wire hanger so that it rests against 
the wall. If the hanger has a negligible weight and the 
bearing at O can be considered frictionless, determine the 
force P needed to start turning the roll if 9 = 30”. The 
coefficient of static friction between the wall and the paper 
is uu, = 0.25. 


SER =0;  Ni-Rsin30 + Psin30” = 0 
+ TER, =0;  Rcos 30? - 0,75 - Pcos 30?- 025M, =0 
(+ZMo =0;  025M (3) -P(3)=0 
Solving for P, 
R = 1141 
Na = 0.506 lb 


P=0.127b  Ans 
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*8-36. A roll of paper has a uniform weight of 0.75 lb and 
is suspended from the wire hanger so that it rests against 
the wall. If the hanger has a negligible weight and the 
bearing at O can be considered frictionless, determine the 
minimum force P and the associated angle 9 needed to start 
turning the roll. The coefficient of static friction between 
the wall and the paper is , = 0.25. 


N, - Rs +Psm0=0 


R cos 30? — 0.75 — P cos0 - 0.25N, =0 


0.25, 3)-PG)=0 
Solving for P, 


0.433013 


* 84226 + sin 9 - 0.57735 008 0) m 


P 


For maximum or minimum P, | 


1 


dP _ 0 - (0.433013) (cos 8 + 0.57735 sin 8) _ y 
d8 (3.4226 + sin 6 — 0.57735 cos Of 


cos 9 + 0.57735 sin O = 0 
tan O = - 1.732 
9 = — 60* or 120? 


Por minimum P choose 9 = 120*, since N, would be smaller than for 9 = — 60. 
Also, a comparison could be made from substitution into Eg. (1). Using 0 = 120*, 


: 0.433013 
P= daaz6 y sin 120* 0.5773 009 120) 
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8-37. If the coefficient of static friction between the 
chain and the inclined plane is u, = tan 0, determine the 
overhang length b so that the chain is on the verge of 
slipping up the plane. The chain weighs w per unit length. 


Free - Body Diagram. The tension developed in the chain at the end of the inclined plane is equal to the weight 
of the overhanging chain, ¡.e. 7 = wb. Since the chain is required to be on the verge of sliding up the plane, the 


frictional force F must act down the plane so that F'= 4 ¿N = tan6N as indicated on the free - body diagram of the 
chain shown in Fig. a. 


Equations of Equilibrium. 
MER =0; N—wacos0=0 N = wacos 8 


ys = 0; wb-— wasin0 — tan0(wacos0)= 0 
b=2asin0 
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8-38. Determine the maximum height h in meters to 
which the girl can walk up the slide without supporting 
herself by the rails or by her left leg. The coefficient of static 
friction between the girl's shoes and the slide is 1, = 0.8. 


Free - Body Diagram. Since the girl is required to be on the verge of slipping down, the frictional 
force F must act upwards so that F= u¿N =0.8N as indicated on the free - body diagram of the girl 
shown in Fig. a. 


Equations of Equilibrium. Referring to Fig. a, 
XiER, =0; N — mgoos0 =0 N = mgoows0 
by EF, =0; 0.8(1mg c0s9)—mg sin9 =0  tm0=08 


From the geometry of the slide, we have > x. Thus, 


Therefore, 
a 3027 =0.48m 
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8-39. If the coefficient of static friction at B is q, = 0.3, 
determine the largest angle 0 and the minimum coefficient 
of static friction at A so that the roller remains self-locking, 
regardless of the magnitude of force P applied to the belt. 
Neglect the weight of the roller and neglect friction 
between the belt and the vertical surface. 


Free - Body Diagram. Since the belt is required to be on the verge of slipping downwards, the frictional force F'g 
must act downward on the rod so thatFg = 4¿N g = 0.3N y as indicated on the free - body diagram of the cylinder 
shown in Fig. a. 


Equations of Equilibrium. Referring to Fig. a, 

(zm A =0; N (0.03 sin0 )—0.3N y (0.03+0.03c050)= 0 
sin0 — 0.3c0s 6 = 0.3 
0 = 33.40" = 33.4? 


5 F, =0 Fa sin 33.40? + N y cos 33.40” —N yg =0 
+ Y ER, =0; Na sin 33.40? — Fy cos 33.40 —0.3N g =0 


Solving, 
FA¿=0.3Ng NaA=NB 


To prevent slipping at A, the coefficient of static friction at A must be at least 


03NB__ 03 
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*S-40. If 0 = 307, determine the minimum coefficient of 
static friction at A and B so that the roller remains self- 
locking, regardless of the magnitude of force P applied to 
the belt. Neglect the weight of the roller and neglect friction 
between the belt and the vertical surface. 


Free - Body Diagram. Since the belt is required to be on the verge of slipping downwards, the frictional force Fg 
must act downward on the roller so that Fg = 4 ¿N g as indicated on the free - body diagram of the roller shown in 
Fig. a. 


Equations of Equilibrium. Referring to Fig. a, 
(+2Ma =0; N (0.03 sin309)-— pu ¿Ng(0.03+0.03 008 30?) = 0 
1 ;= 0.2679 = 0.268 


xr, =0 Fa sin 30 +NA sin60”—N g =0 
+ Y ER, =0; —Fy 008 30% + N 4 00860? — 0.2679N g = 0 


Solving, 
F¿ =0.2679Ng NaA=NB 


To prevent slipping at A, the coefficient of static friction at A must be at least 


Fa  02679N g 
Us= —= 


Na NB 


= 0.268 
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e8-41. The clamp is used to tighten the connection 
between two concrete drain pipes. Determine the least 
coefficient of static friction at A or B so that the clamp does 
not slip regardless of the force in the shaft CD. 


Free - Body Diagram. Since member CA tends to move to the right, the frictional force F y must act to the left as 
indicated on the free - body diagram of member CA shown in Fig. a. 


Equations of Equilibrium. Referring to Fig. a, 
BER, =0, Fc4 00s68.20? — F¿ =0 Fa = 0.3714 Fc4 
+ TER, =0; Fc4 sin68.20”—-N y =0 Na = 0.9285 Fc4 


To prevent slipping at A, the coefficient of static friction at A must be at least 
Fa 03714 Fg _ 


0.4 


STA 
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8-42. The coefficient of static friction between the 150-kg 
crate and the ground is u, = 0.3, while the coefficient of 
static friction between the 80-kg man's shoes and the 
ground is u; = 0.4. Determine if the man can move the 
crate. 


Free - Body Diagram. Since Ptends to move the crate to the right, the frictional force F will act to the 

left as indicated on the free - body diagram shown in Fig. a. Since the crate is required to be on the verge of 
sliding the magnitude of FC can be computed using the friction formula, i.e. Fc = 1 ¿Nc =0.3 Nc. As indicated 
on the free - body diagram of the man shown in Fig. b, the frictional force F,,, acts to the right since force P has 
the tendency to cause the man to slip to the left. 


Equations of Equilibrium. Referring to Fig. a, 
+ TER, =0; Nc +P sin30* — 150(9.81)= 0 


IR, =0 P c0s30”—03NC =0 
Solving, 


P = 434.49N 
Nc = 1254.26N 


Using the result of P and referring to Fig. a, we have 
+ TER, =0; Nm — 434.49sin30" — 80(9.81) = 0 Nm = 1002.04 N 


EF, =0, Fin — 84.4900830" = 0 Fim =376.28N 


Since Fm < Finax = Ms No = 0.4(1002.04)= 400.82N, the man does not slip. Thus, 
he can move the crate. 


1500981) N 
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8-43. If the coefficient of static friction between the crate 
and the ground is uy, = 0.3, determine the minimum 
coefficient of static friction between the man's shoes and 
the ground so that the man can move the crate. 


Free - Body Diagram. Since force P tends to move the crate to the right, the frictional force Fc will act to the 
left as indicated on the free - body diagram shown in Fig. a. Since the crate is required to be on the verge of 
sliding, Fc = UNC =0.3 Nc. As indicated on the free - body diagram of the man shown in Fig. b, the frictional 
force F,, acts to the right since force P has the tendency to cause the man to slip to the left. 


Equations of Equilibrium. Referring to Fig. a, 
+ TER, =0, Nc +P sin30* — 150(9.81)= 0 


FER, =0 P 00530" -—0.WNc =0 
Solving yields 


P = 434.49 N 
Nc = 1254.26N 


Using the result of P and referring to Fig. a, 
+1 EF, =0; N mn — 484.49sin30* — 80(9.81) = 0 Ns =1002.04 N 


4 xF, =0 Fi — 434.4900830* =0 Em =376.28N 


Thus, the required minimum coefficient of static friction between the man's shoes and the ground is given by 


Ans. 


B0(9-B1)N 
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*8-44. The 3-Mg rear-wheel-drive skid loader has a center 
of mass at G. Determine the largest number of crates that 
can be pushed by the loader if each crate has a mass of 
500 kg. The coefficient of static friction between a crate and 
the ground is u, = 0.3, and the coefficient of static friction 
between the rear wheels of the loader and the ground is 
po = 0.5. The front wheels are free to roll. Assume that the 
engine of the loader is powerful enough to generate a 
torque that will cause the rear wheels to slip. 


Free - Body Diagram. Since the frictional force F4 provides the driving force to the skid roller which is about to move 

to the right, it must act to the right as indicated on the free - body diagram shown in Fig. a. Here, F4 is required to be 
maximum, i.e., F4 = 4sN 4 = 0.5N a .Since the crates are required to be on the verge of slipping to the right, the frictional 
force Fc must act to the left so that Fc = 4 ¿Nc = 0.3N e as indicated on the free - body diagram of the crate shown in Fig. b. 


Equations of Equilibrium. Referring to Fig. a, 
(+2 B=0; P(0.3)+ 3000(9.810.75)-N 4(D=0 


FER =0 05N¿-P=0 


Solving, 
P =12983.82N Na =25967.65N 


Using the result of P and referring to Fig. b, 
+ Y EF, =0; Nc —n(500X9.81) = 0 Nc = 4905n 


EF, =0 12983.82— 0.X4905n)= 0 n = 8.82 


Thus, the largest number of crates that can be pushed by the skid roller is 
n=8 


3000(980N 
n(s009b1)N 


P-12983 


E=03N 
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e8-45. The 45-kg disk rests on the surface for which the 
coefficient of static friction is uy = 0.2. Determine the 
largest couple moment M that can be applied to the bar 
without causing motion. 


(+EM, =0; FE, = B, = 02M, 


SER =0; B, - 02N, =0 


+TER =0; N, — B, — 45(9.81) = 0 


Na = 551.8 N 


B, = 1104 N 


B, = 1104 N 


-110.4(0.3) — 110.4(0.4) + M= 0 


M=7713N-m Ans 


8-46. The 45-kg disk rests on the surface for which the 
coefficient of static friction is 44 = 0.15. If M = 50N-m, 
determine the friction force at A. 


—B,(0.3) - B,(0.4) + 50 =0 


B, =C 
B, =6, 


B, = 
ASC.80N 


N, - B, - 45(9.81) = 0 
Ex 
B,(0.125) - F,(0.125) = 0 [2 0,125 
y 
N, = 512.9 N Na 
E =714N Ans 

(Ema = 0.15(512.9) = 76.93 N > 71.43 N 


No motion of disk. 
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8-47. Block C has a mass of 50 kg and is confined between 
two walls by smooth rollers. If the block rests on top of the 
40-kg spool, determine the minimum cable force P needed 
to move the spool. The cable is wrapped around the spool's 
inner core. The coefficients of static friction at A and B are 
Ha = 0.3 and ug = 0.6. 


+TEIF, = 0; Ny -— 40(9.81) - 50(9.81) = 0 


Na = 882.9 N 


(-1mo = 0:  F1(0.4) - Fs(0.4) + P(0.2) = 0 


SER, =0; 


Fa = 0.3(50)(9.81)= 147.2 N 
Solving, 

Fa = 441,4 N 

P = $89 N 

Na = 882.9 N 


Since (Fame = 0.6(882.9) = 529.7 N > 441,4 N 


*8-48. Block C has a mass of 50 kg and is confined 
between two walls by smooth rollers. If the block rests on 
top of the 40-kg spool, determine the required coefficients 
of static friction at A and B so that the spool slips at A and 
B when the magnitude of the applied force is increased to 
P = 300N. 


50(9-81)N 


=F,-Fa=0 
e 4O(9.81)N 
F,(0.8) - 300(0.2) = 0 


Fa 75 


=2:2 — —— = 0.153 
Na  50(9.81) 
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e8-49. The 3-Mg four-wheel-drive truck (SUV) has a 

center of mass at G. Determine the maximum mass of the 

log that can be towed by the truck. The coefficient of static 

friction between the log and the ground is 1, = 0.8, and the JE | 
05m Lóm 12m 


coefficient of static friction between the wheels of the truck 
and the ground is u, = 0.4. Assume that the engine of the 
truck is powerful enough to generate a torque that will 
cause all the wheels to slip. 


Free - Body Diagram. Since the truck is about to move to the right, its driving force F, provided by the friction of 
all the wheels must act to the right as indicated on the free - body diagram of the truck shown in Fig. a.Here, E, is 


required to be maximum, thus F; = 4 (N¿ +N g)=04(NA +Np ).Since the log is required to be on the verge of 
sliding to the right, the frictional force F, must act to the left such that F; = uN ¡ = 0.8N,. 


Equations of Equilibrium. Referring to Fig. a, we have 
Na +N gp -— 3000(9.81) = 0 Na +N p = 29430N 


0.4(29430)-T=0 T=11772N 
NA Q.8)+ 11772(0.5)— 3000(9.81)(1.6) = 0 
Na = 14715N > 0(0K!) 


Using the result of T and referring to Fig. b, we have 
+ Y ER, =0; N¡-m;¡(9.81) =0 N; = 9.81m; 
xr, =0 11772— 0.89.81m;,) = 0 m ¡ = 1500 kg 


3000(9:81) N (MP8!) 


T=)/772 N 


F= 04 CNarNa ) 
(A) 
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8-50. A 3-Mg front-wheel-drive truck (SUV) has a center 
of mass at G. Determine the maximum mass of the log that 
can be towed by the truck. The coefficient of static friction 
between the log and the ground is u, = 0.8, and the 
coefficient of static friction between the front wheels of the 
truck and the ground is y; = 0.4. The rear wheels are free to 
roll. Assume that the engine of the truck is powerful enough 
to generate a torque that will cause the front wheels to slip. 


Free - Body Diagram. Since the truck is about to move to the right, its driving force F4 provided by the friction of 
the front wheels must act to the right as indicated on the free - body diagram of the truck shown in Fig. a. Here, Fa is 


required to be maximum, so that F4 = 4; N 4 =0.4N 4. Since the log is required to be on the verge of sliding to the right, 
the frictional force F; must act to the left such that F¡ = 4¿N; =0.8N ,. 


Equations of Equilibrium. Referring to Fig. a, we have 
+ XIF, =Q 0.4N¿ -T=0 
(e B=0; T(0.5)+N 4 (2.8)— 30009.81X(1.6)=0 (2) 


Solving Eqs. (1) and (2) yields 
NA =1569%6N  T=6278.4N 


Using the result of T and referring to Fig. b, we have 
+ TER, =0; N¡-m¡(981) =0 N¡ = 9.81m; 
5 EF, =0 6278.4 — 0.9.81m,) = 0 m ¡ = 800 kg 


3000(9:81)N (M¿I(981) 
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8-51. If the coefficients of static friction at contact points 
A and B are u, = 0.3 and uy = 0.4 respectively, determine 
the smallest force P that will cause the 150-kg spool to have 
impending motion. 


Free - Body Diagram. There are two possible modes of impending motion for the spool. The first mode is as the 
spool slips at A and Band is on the verge of rotating. The second mode is as point A of the spool just loses contact 
with the ground and the spool is on the verge of rolling about point B without slipping. We will assume that the first 


mode of motion occurs. Thus, F4 = 4¿N 4 =0.3N 4 and Fg =1¿N g =04N pg. 


Equations of Equilibrium. Referring to the free - body diagram of the spool shown in Fig. a, 
52, =0, 0.3NA +0.4Ng 00851.32”— Np sin51.32?+ P=0 

+ TER, =0; Na +N p 00851.32* + 0.4N y sin51.32* -150(9.81) = 0 

(¿Mo =0; 0.3N 4 (0.4)+ 0.4Ng(0.4)- P(0.2) =0 


Solving, 
Na¿ =-69.39N Ng=2306.63N P=1431.07N 


Since the result of Nx is a negative quantity, point A loses contact with the ground which indicates that the above assumption 
is incorrect. Thus, the solution must be reworked based on the second mode of motion. In this case, N¿ = O so that Fg =0. 
Referring to Fig. a, 
Gu B=0; 150(9.81)(0.4sin 51.32%) — P(0.2+ 0.4c0os 51.32*)= 0 
P =1021.05N =1.02kN 


150(9-91) Ñ 


cos GF) 
A 7 sraz* 
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*8-52. Ifthe coefficients of static friction at contact points 
A and B are u, = 0.4 and u, = 0.2 respectively, determine 
the smallest force P that will cause the 150-kg spool to have 
impending motion. 


A 


Free - Body Diagram. There are two possible modes of impending motion for the spool. The first mode is as the 
spool slips at A and Band is on the verge of rotating. The second mode is as point A of the spool just loses contact 
with the ground and the spool is on the verge of rolling about point B without slipping. We will assume that the first 


mode of motion occurs. Thus, F4 = 1¿N 4 =0.4NA and Fg = HN g =0.2N p. 


Equations of Equilibrium, Referring to the free - body diagram of the spool shown in Fig. a, 


4YEF, =0 0.4N 4 +0.2N g cos 51.322 —N p sin51.322+P =0 
+ TER, =0; Na +0.2N y sin51.32* + Ng 00551.32* - 150(9.81)= 0 
(Mo =0; 0.4N 4 (0.4)+ 0.2N g (0.4) -P(0.2)=0 


Solving, 
P =844N 
Na =315.31N Npg=1480.17N 


Since the result of Nz is a positive quantity, point A will remain in contact with the ground. Thus, the above 
assumption is correct. 
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e8-53. The carpenter slowly pushes the uniform board 
horizontally over the top of the saw horse. The board has a 
uniform weight of 3 1b E ft, and the saw horse has a weight 
of 15 Ib and a center of gravity at G. Determine if the saw 
horse will stay in position, slip, or tip if the board is pushed 
forward when d = 10ft. The coefficients of static friction 
are shown in the figure. 


Board : 
(HEM =0; — —54(9) + N(10) = 0 
N = 48.6 lb 
To cause slipping of board on saw horse : 


B = Fan =05N = 2431 ul 
Saw horse : Pe 
151 


To cause slipping at ground ; 
F. 
PR =F= Fra = 0.34(48.6 + 15) = 19.08 Ib n= 63.6N 


To cause tipping: 48-0lb 
A 


1SsI6 


(+EM, =0; (48.6 + 15)(1) - P(3) = 0 


P, = 2121 


F 
Tms, P=1911 ln 
x 


The saw horse will start to slip.  Ans 
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8-54. The carpenter slowly pushes the uniform board 
horizontally over the top of the saw horse. The board has a 
uniform weight of 3 lb/ft, and the saw horse has a weight of 
15 lb and a center of gravity at G. Determine if the saw 
horse will stay in position, slip, or tip if the board is pushed 
forward when d = 14 ft. The coefficients of static friction 
are shown in the figure. 


Board: 


L +24, =0  -549) + N(14) = 0 


N = 34.714 b 
To cause slipping of board on saw horse : 
PB = Fam =05N = 17361 34.143 lb 
Saw horse : j5tb 
To cause slipping at ground : 
E a F 
PR =P=E,, = 03(34.714+15) = 14.91 lb N=99714 lb 
34.71431b 
T : 
o cause tipping dE , 
151 
34 


F' 


(+EM, =0; — (34,714 + 1511) - B(3) = 0 
P. = 16,57 Ib 
Thus, P=149lb 


The saw horse will start to slip. Ans 
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8-55. If the 75-1b girl is at position d = 4 ft, determine the 
minimum coefficient of static friction yu, at contact points A 
and B so that the plank does not slip. Neglect the weight of 
the plank. 


Free - Body Diagram. Here, we will assume that the plank is on the verge of rotating counterclockwise due to 
of the girl' s weight. Thus, the frictional forces F4 and Fg must act in the direction as indicated on the free- body 
diagram of the plank shown in Fig. a so that F4 = 4sN q and Fg = UsN p. 


Equations of Equilibrium. Referring to Fig. a, 
(+Ma =0; Ng sin 4512) -— 1 ¿Ny sin45%(12)-75(4)= 0 
+EM p =0; 75(8)— Na sin30(12)- 1 ¿Na sin60*(12) = 0 
> XYF, =0; Na cos 30” —- ¿Na cos 60” — N g cos 45” — 1 ¿Ny cos 45” = 0 


Solving, 
5 = 0.304 
NA =65.51b Npg = 50.77 lb 


Since the result of 1, is a positive quantity, the above assumption is correct. 
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*8-56. If the coefficient of static friction at the contact 
points A and Bis u, = 0.4, determine the minimum distance 
d where a 75-1b girl can stand on the plank without causing it 
to slip. Neglect the weight of the plank. 


Free - Body Diagram. The weight of the girl tends to cause the plank to have counterclockwise and 

clockwise rotational motion when she is at the position d = d and d= d, respectively. The free - body 
diagram of the plank for oth cases are shown in Figs. a and b. Since ends A and B of the plank are required 

to be on the verge of slipping the frictional forces Fy and Fg for both cases can be computed using Fa = 4 5NA 
=0.4N 4 and Fg = 1 ¡Ng =0.4Np. 


Equations of Equilibrium. Referring to Fig. a, we have 
(+24 A=0; Np sin 45%(12)—0.4N y sin45(12)- 75d = 0 
(+EM =0; 75(12-d)- Na sin3012)-0.4N a sin 60%(12)= 0 
> Y, =0; Na cos 30” —0.4N 4 c0s 60? — N g cos 45” — 0.4N y cos 45” = 0 


Solving, 


d=3.03ft 


Na = 66.26 lb 
Np = 44.58 lb 
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e8-57. If each box weighs 150 lb, determine the least 
horizontal force P that the man must exert on the top box in 
order to cause motion. The coefficient of static friction 
between the boxes is 1, = 0.5, and the coefficient of static 
friction between the box and the floor is 1, = 0.2. 


Free - Body Diagram. There are three possible motions, namely (1) the top box slides, (2) both boxes slide together 
as a single unit on the ground, and (3) both boxes tip as a single unit about point B. We will assume that both boxes 


slide together as a single unit such that F= 1 N = 0.2N as indicated on the free - body diagram shown in Fig. a. 


Equations of Equilibrium. 
+ TER, =0; N -150-150=0 


ph A = 102 P-0.2N =0 
(¿Mo =0; 150(x) + 150(x)- P(S) = 0 


Solving, 
N=300 x=1ft 
P=601lb Ans. 


Since x < 1.5ft, both boxes will not tip about point B. Using the result of P and considering the equilibrium of the 


free - body diagram shown in Fig. b, we have 
+ TER, =0; N*-150=0 N'= 1501b 


EF, =0, 60-F'=0 F'=601b 


Since F” < Fmax = 15N* =0.5(150)= 75 1b, the top box will not slide. Thus, the above assumption ¡is correct. 


150 1b 150 Ib 
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8-58. If each box weighs 150 lb, determine the least 
horizontal force P that the man must exert on the top box in 
order to cause motion. The coefficient of static friction 
between the boxes is 1, = 0.65, and the coefficient of static 
friction between the box and the floor is 1, = 0.35. 


Free - Body Diagram. There are three possible motions, namely (1) the top box slides, (2) both boxes slide together 
as a single unit on the ground, and (3) both boxes tip as a single unit about point B. We will assume that both boxes 
tip as a single unit about point B. Thus, x=1.5ft. 


Equations of Equilibrium. Referring to Fig. a, 
+ TXR, =0; N -150-150=0 


HI, =0 P-F=0 
(¿Mp =0; 150(1.5)+150(1.5)— P(5) = 0 


Solving, 
P=901b 
N=300lb F=901b 


Since F< Fimax = MsN” =0.35(300)= 105 Ib, both boxes will not slide as a single unit on the floor. Using the result of P 
and considering the equilibrium of the free - body diagram shown in Fig. b, 
+1 XF, =0; N'-150=0 N'=1501b 


hr, =0 90-F'=0 F'=901b 


Since F' < Fimax = Ms N” =0.65(150) = 97.5 Ib, the top box will not slide. Thus, the above assumption is correct. 


150 lb 150 Ib 
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8-59. If the coefficient of static friction between the collars 
A and B and the rod is u, = 0.6, determine the maximum 
angle 0 for the system to remain in equilibrium, regardless of 
the weight of cylinder D. Links AC and BC have negligible 
weight and are connected together at C by a pin. 


Free - Body Diagram. Due to the symmetrical loading and system, collars A and B will slip simultaneously. Thus, it is sufficient 
to consider the equilibrium of either collar. Here, the equilibrium of collar B will be considered. Since collar B is required to be 


on the verge of sliding down the rod the friction force Fg must act up the rod such that Fg = 4¿Ng =0.6N y as indicated on the 
free - body diagram of the collar shown in Fig. a. 


Equations of Equilibrium. 
PNER, =0; Ng —Fac sin(75"-0)=0 Ng = Fc sin(75-0) 
+A EF, =0; 0.6[Fgc sin(75*-0)]- Fac cos(75"— 0) =0 
tan(75” — 6) = 1.6667 
9 =16.00 
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*8-60. If 0 = 15”, determine the minimum coefficient of 
static friction between the collars A and B and the rod 
required for the system to remain in equilibrium, regardless 
of the weight of cylinder D. Links AC and BC have 
negligible weight and are connected together at C by a pin. 


Free - Body Diagram. Due to the symmetrical loading and system, collars A and B will slip simultaneously. Thus, it is sufficient 

to consider the equilibrium of either collar. Here, the equilibrium of collar B will be considered. Since collar B is required to be 

on the verge of sliding down the rod the friction force Fg must up the rod such that Fg = 4¿Ng =0.6N y asindicated on the free - body 
diagram of the collar shown in Fig. a. 


Equations of Equilibrium. 
EF, =0; Nz — Fc sin 60? = 0 Ng = 0.8660 Fac 


EF, =0; 1 s[0.8660Fgc ]- Fac c0s60? = 0 
15s=0.577 


738 


8 Solutions 44918 1/27/09 1:52 PM Page 739 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e8-61. Each of the cylinders has a mass of 50 kg. If the 
coefficients of static friction at the points of contact are 
pa = 0.5, ug = 0.5, Ue = 0.5, and up = 0.6, determine the 
smallest couple moment M needed to rotate cylinder E. 


Equations of Equilibrium : From FBD (a), 
E ii 5009-81) =4905N 
+TIE=0  N¿+F,-4905=0 
(¿IM =0;  M-FE:(03)-F(03)=0 
From FBD (b), 
SER =0, N+h-N,=0 [4] 


+TER=0 N,-FE,-F,-490.5=0 (5) 


¡57 =0; — F,(0.3)+F,(0.3)-F,(0.3) =0 16] 


Friction : Assuming cylinder E slips at points C and D and cylinder F does not 
move, then F¿ = 1, ¿N¿=0.5N¿ and F; = y, yNp =0.6N). Substimuting 
these values into Eqs. (1], (2] and [3] and solving, we have 


N¿=377.31N Ny =188.65 N 
M=90.55N-m=90.6N -m Ans 


1f cylinder Fis on the verge of slipping at point A , then FE, = 41,,¿N, =0.5N,. 
Substimute this value into Eqs. [4], [5] and [6] and solving, we have 


N,=150.92N  N¿=679.15N KE =37.73N 


Since (Fa) m,: = M4 Ng = 0.5(679.15) = 339.58 N > Fy, cylinder F does 
not move, Therefore the above assumption is correct. 
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8-62. Blocks A, B, and C have weights of 50 lb, 25 lb, and 
15 Ib, respectively. Determine the smallest horizontal force P 
that will cause impending motion. The coefficient of static 
friction between A and B is u, = 0.3, between B and 
C, Mm, =0.4, and between block C and the ground, 
pls = 0.35. 


Free - Body Diagram. Due to the constraint, block A will not move. Therefore, there are two possible cases 

of impending motion, namely (1) block B slips on top of block C or (2) blocks B and C slip on the ground and 

move as a single unit. For both cases, slipping occurs at the contact surface between blocks A and B. By considering 
the free - body diagram of block A shown in Fig. a, we obtain N¿ = 50 lb. Thus, F4 = 4 ¿NA = 0.50)= 15 lb. We 


will assume that the first case of motion occurs. Thus, Fg =u¿N p. 


Equations of Equilibrium. Referring to the free - body diagram of block B shown in Fig. b, 
+ TR, =0; Ng -50-25=0 Ng =751b 
HF =0 P-15-0.475)=0 P=45lb 


Using this result and referring to the free - body diagram of blocks B and C shown in Fig. a, 
+ TER, =0, Nc -50-25-15=0 Nc =90 lb 
EF, =0, 45-15-K =0 Fc =30 lb 


Since > <(Fc)max = Ms Nc =0.3X90)= 31.5 1b, the system of the blocks B and C will not slip. Thus, the above assumption 


1S Correct. 
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8-63. Determine the smallest force P that will cause 
impending motion. The crate and wheel have a mass of 
50 kg and 25 kg, respectively. The coefficient of static 
friction between the crate and the ground is yu, = 0.2, and 
between the wheel and the ground ; = 0.5. 


Free - Body Diagram. There are two possible motions, namely (1) the crate slips while the wheel rolls without slipping and (2) the wheel 
slips and rotates while the crate remains stationary.We will assume that the first mode of motion occurs. Thus, Fc = usNc =0.2Nc. 


Equations of Equilibriam. Referring to the free - body diagram of the crate shown in Fig. a, 
+ TER, =0; Nc -50(9.81)=0 Nc = 490.5 N 
LR, =0 T- 0.490.5)= 0 T=98.1N 


Using the result for Tand referring to Fig. b, 
+EMa =0; 98.1(0.3)— P(0.6)= 0 P =49.05N =49.0N 


DER, =0, Fy +49.05-98.1=0 F, = 49.05 N 
+1 ER, =0; Ny -25(9.81)= 0 Ny = 245.25 


Since Fy <Fmax = SN =0.X245.25)= 122.63N, the wheel will not slip. Thus, the above assumption is correct. 


50(9-81) N 2O(9.B)N 
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*8-64. Determine the smallest force P that will cause 
impending motion. The crate and wheel have a mass of 
50 kg and 25 kg, respectively. The coefficient of static 
friction between the crate and the ground is y, = 0.5, and 
between the wheel and the ground ; = 0.3. 


Free - Body Diagram. There are two possible motions, namely (1) the crate slips while the wheel rolls without slipping and (2) the whee 
slips and rotates while the crate remains stationary.We will assume that the second mode of motion occurs. Thus, Fy = 4;"N y =0.3N y. 


Equations of Equilibrium. Referring to the free - body diagram of the wheel shown in Fig. b, 
+ T ER, =0; Ny —25(9.81)= 0 Ny = 245.25 N 

(+Mo =0; 0.1245.25X0.3)—P(0.3) = 0 P =73.575N =73.6N 
EF. =0 73.575 +0.4245.25)-T=0 T=147.15N 


Using the result for T and referring to the free - body diagram of the crate in Fig. a, 
+ TER, =0; Nc -50(9.81)=0 Nc = 490.5 N 


BR, =0, 147.15- Re =0 Fc = 147.15N 


Since F£ <(FE)max = UsNc = 0.X(490.5)= 245.25 N, the crate will not slip. Thus, the above assumption is correct. 


50(9:8) N 26(9-B)N 
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*e8-65. Determine the smallest horizontal force P required 
to pull out wedge A. The crate has a weight of 300 lb and the 
coefficient of static friction at all contacting surfaces is 
ps = 0.3. Neglect the weight of the wedge. 


Free - Body Diagram. Since the crate is on the verge of sliding down and the wedge is on the verge of sliding to the 

left, the frictional force Fg on the crate must act upward and forces Fc and F'y on the wedge must act to the right as 
indicated on the free - body diagrams as shown in Figs. a and b.Also, Fg = 4s¿Ng =0.3N g, Fc = H¿Nc =0.3Nc, and 
Fp =45sNp =0.3N p. 


Equations of Equilibrium. Referring to Fig. a, 
yx, =0 Ng -03NC=0 
+ Y ER, =0; Nc +0.3Ng —-300=0 


Solving, 
Ng =82.57lb Nc = 275.23 lb 


Using the result of Nc and referring to Fig. b, we have 
+ 1 EF, =0; Np cos 15” +0.3N p sin15”-275.23= 0 Np = 263.74 lb 


pr EF, =0, 0.(275.23) + 0,263.74) cos 15” —- 263.74 sin15* —P =0 
P =90.7 lb 
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8-66. Determine the smallest horizontal force P required 
to lift the 200-kg crate. The coefficient of static friction at 
all contacting surfaces is u, = 0.3. Neglect the mass of 
the wedge. 


Free - Body Diagram. Since the crate is on the verge of sliding up and the wedge is on the verge of sliding to the 

right, the frictional force F¿ on the crate must act downward and forces Fg and Fc on the wedge must act to the left 

as indicated on the free - body diagrams as shown in Figs. a and b. Also, F4 = 4¿N 4 =0.3N 4, Fg = UN g =0.3N g, and 
FE = usNc = 0.3Nc. 


Equations of Equilibrium. Referring to Fig. a, 
FER, =0 0.3Ng -N¿ =0 
+1 ER, =0; Ng -0.3N 4 — 200(9.81)= 0 


Solving, 
Na = 646.81 N Np=2156.04N 


Referring to Fig. b, 
+1 EF, =0; Nc cos15*— 0.3NC sin15”—2156.04 =0 Ng= 2427.21 N 


he A =0 P-— 0.X2156.04)-— 2427.21 sin15” — 0.(2427.21)c0s 15” = 0 
P =1978.37N =1.98 N 


200.980) Kg 
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8-67. Determine the smallest horizontal force P required 
to lift the 100-kg cylinder. The coefficients of static friction 
at the contact points A and B are (us) = 0.6 and 
(1,)8 = 0.2, respectively; and the coefficient of static 
friction between the wedge and the ground is yu, = 0.3. 


Free - Body Diagram. There are two possible modes of motion for the cylinder, namely (1) the cylinder rolls about 
point A and slips at B and (2) the cylinder rolls about point B and slips at point A. We will assume that the first mode 


of motion occurs, thus Fg = 0.2N g .This force acts to the right on the cylinder as indicated on the free - body diagram 
shown in Fig. a. The wedge is on the verge of moving to the right, Fig. b. 


Equations of Equilibrium. Referring to Fig. a, 
LER, =0 0.2N g cos10”+N g sin10”— Ny =0 
+ TER, =0; Ng cos 10” — 0.2N y sin 10? — Fy —100(9.81)= 0 
(¿Mo =0; 0.2N g(0.5)- Fa (0.5) = 0 
Solving, 
Ng=1308N Nz=488.68N  Fy=262N 


Since Fa <(FA max = (Us)a Na = 0.6(488.68)= 293 N, the cylinder will not slip at A. Thus, the above assumption is 
correct. Thus, Fc = 0.3N C and Fg = 262 N. Referring to the free - body diagram of the wedge shown 

in Fig. b, 

+ TER, =0; Nc +262sin 10? 130800s 10” = 0 Nc = 1243N 


5YR =0 P - 262cos 10” — 1308sin10” — 0.X1243) = 0 
P =863N Ans. 


100(98)N 
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*8-68. The wedge has a negligible weight and a coefficient 
of static friction qu, = 0.35 with all contacting surfaces. 
Determine the largest angle 9 so that it is “self-locking.” 
This requires no slipping for any magnitude of the force P 
applied to the joint. 


Friction : When the wedge is on the verge of slipping, then F =uN =0.35N. 
From the foroe diagram (P is the 'locking' force.), 


mt 035 


N 
60 = 38,6" 
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e8-69. Determine the smallest horizontal force P 
required to just move block A to the right if the spring force 
is 600 N and the coefficient of static friction at all contacting 
surfaces on A is u, = 0.3.The sleeve at C is smooth. Neglect 
the mass of A and B. 


Free - Body Diagram. Since block A is required to be on the verge of sliding to the right, the frictional forces F y and 
Fc on block A must act to the left such that Fa = 4¿N4 =0.3N q and Fc = 4 ¿Nc =0.3Nc. 


Equations of Equilibrium. Referring to the free- body diagram of block B shown in Fig. a, 
+ TER, =0; Na sin 45” —0.3N a sin45* — 600 = 0; Na = 1212.18N 


Using the result of N 4 and referring to the free - body diagram of block A shown in Fig. a, 
+ TER, =0; Nc +0.3(1212.18) cos45* — 1212.18c0s 45* = 0; Nc = 600 N 


EXF, =0 P- 0.X1212.18)sin45* — 1212.18sin 45” -0.600)= 0 
P =1294.29N =1.29kN 
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S-70. The three stone blocks have weights of 
Wi = 600 lb, Wz = 150 lb, and W¿ = 500 lb. Determine 
the smallest horizontal force P that must be applied to 
block C in order to move this block. The coefficient of static 
friction between the blocks is 1, = 0.3, and between the 
floor and each block y, = 0.5. 


" goolbh 1SoOlb  Soob 


SER =0  —P+05(1250) =0 A P 
- P=68b 


suso) Lb 
1250 Ik 


Assume block B slips up, block A does not move. 


Block A : 
150 lb 
SER =0 FE-N=0 
y” 
» 
Block B : 0,3N"  9,3N' 


+TER =0; M-600+03N"=0 


SER =0; N'"-N'cos45 -0.3N sin45” =0 


+TER =0;  N'sin45” — 0.3N' cos 45% — 150 - 0.3N'" =0 
N" =629.0lb, N =684.3lb, Nc =838.7lb, P = 1048lb, 


Block C: j Na = 411.31b 


DER =0; 0.3N' c0s45” + N' c0s 45” + 0.5Nc -P =0 E, = 629.0b > 0.5 (411.3) = 205.61b No good 


+TER =0; Ne-—N'sin45 +0,3N sin45 — 500 =0 All blocks slip at the same time;  P=625lb  Ans 
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8-71. Determine the smallest horizontal force P required 
to move the wedge to the right. The coefficient of static 
friction at all contacting surfaces is 1, = 0.3. Set 9 = 15? 
and F = 400 N. Neglect the weight of the wedge. 


Free - Body Diagram. Since the wedge ¡is required to be on the verge of sliding to the right, the frictional 
forces F and Fy on the wedge must act to the left such that 2 = 4¿Nc =0.3Nc and Fp = 1 sNp =03Np. 


Equations of Equilibrium. Referring to the free - body diagram of the crank shown in Fig. a, 
+2m B=0; 400(0.45) + 0.3N cos 15"(0.02)+0.3N ( sin 150.3) + Nc cos 150.3) -N ( sin 150.02) = 0 


Nc = 70447 N 


Referring to the free - body diagram of the wedge shown in Fig. b, 
+ TER, =0, N p + 0.3704.47) sin 15? —704.47c0s 15? = 0 Np = 625.76N 


IF, =0, P — 0.3704.47) cos 15? —0.3625.76) — 704.47 sin 15 = 0 
P =5SI4N 
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*S-72. If the horizontal force P is removed, determine the 
largest angle 0 that will cause the wedge to be self-locking 
regardless of the magnitude of force F applied to the 
handle. The coefficient of static friction at all contacting 
surfaces is 1, = 0.3. 


Free - Body Diagram. Since the wedge is required to be on the verge of sliding to the left (just self locking), 
the frictional forces Fc and F y, must act to the right such that Fc = 4¿Nc =0.3N € and F py = 4¿N y =0.3N p as 
indicated on the free - body diagram of the wedge shown in Fig. a. 


Equations of Equilibrium. Referring to Fig. a, 
+ TER, =0; N p — 0.3NC sin6 — Nc c0s0 =0 Np = Nc (0.3sin 6 +c0s 0) 


HF, =0 0.3N € cos 6 +0.3/N ¿(0.3sin 6 +00s 0)] - Ne sin8 = 0 
8 = 33,4? Ans. 
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*e8-73. Determine the smallest vertical force P required to 
hold the wedge between the two identical cylinders, each 
having a weight of W. The coefficient of static friction at all 
contacting surfaces is 4, = 0.1. 


30 


Free - Body Diagram. Since the wedge is required to be on the verge of moving upward, the frictional 
force F4 on the wedge must act downward. Here, there are two possible modes of motion for the cylinder, 
namely (1) the cylinder rolls about B and slips at A or (2) the cylinder rolls about A and slips at B. We will 
assume that the first mode of motion occurs. Thus, F4 = 4¿N =0.1N 4. 


Equations of Equilibrium. Referring to the free - body diagram of the cylinder shown in Fig. a, 
LF, =0 Na cos 7.5 +0.1N q sin 7.5? — N y sin 30% + Fg cos 30 = 0 

+1 EF, =0, Npg cos 30% + Fg sin30?+0.1N ¿ cos 7.59 —N y sin7.5% - W =0 

(¿Mo =0; Fg(r)-0.1N 4 (r)=0 


Solving, 
Na =0.5240W Ng=1.1435W  Fp =0.05240W 


Since Fp <(FB)max = UsN p = 0.1(1.1435W) = 0.11435W, slipping will not occur at B. Thus, the above assumption 
is correct. Using the result of Ny , we find that F4 = 0.1(0.5240W)= 0.05240W. Referring to the free - body diagram 
of the wedge shown in Fig.b, 
+ Y EF, =0; 2(0.5240W)sin7.5* — 2(0.05240W cos 7.5%)— P= 0 

P =0.0329W 
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8-74. Determine the smallest vertical force P required to 
push the wedge between the two identical cylinders, each 
having a weight of W. The coefficient of static friction at all 
contacting surfaces is 1, = 0.3. 


302 


Free - Body Diagram. Since the wedge is required to be on the verge of moving downward, the frictional 
force F4 on the wedge must act upward. Here, there are two possible modes of motion for the cylinder, 
namely (1) the cylinder rolls about B and slips at A or (2) the cylinder rolls about A and slips at B. We will 
assume that the first mode of motion occurs. Thus, the magnitude of F¿ can be computed using the friction 
formula; i.e., F4 = u15N 4 =0.WVA. 


Equations of Equilibrium. Referring to the free - body diagram of the cylinder shown in Fig. a, 
4 XxF, =0, N 4 cos 7.5% —0.3N a sin 7.59 — Fg cos 30 — N y sin30* = 0 

+1 EF, =0; Ng os 30? — Fp sin30* —0.3N q c0s 7.5 —N a sin7.5- W =0 
(¿Mo =0; 0.3N 4 (7)- Fg(r)=0 


Solving, 
Na =1.609W Ng=2.229W  Fp =0.4827W 


Since Fg <(FB)max = UsN B = 0.X2.229W)= 0.669W, slipping will not occur at B. Thus, the above assumption 
is correct. Using the result of N 4 , we find that F4 = 0.(1.609W) = 0.4827W. Referring to the free- body diagram 
of the wedge shown in Fig.b, 
+ T ER, =0; 2(1.609W sin7.5")+2(0.4827W cos7.5")-P =0 

P =1.38W 
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8-75. If the uniform concrete block has a mass of 500 kg, 
determine the smallest horizontal force P needed to move 
the wedge to the left. The coefficient of static friction 
between the wedge and the concrete and the wedge and the 
floor is ., = 0.3. The coefficient of static friction between 
the concrete and floor is 4, = 0.5. 


Free - Body Diagram. Since the wedge is required to be on the verge of sliding to the left, the frictional 
forces Fg and F( on the wedge must act to the right such that Fg = usN g =0.V g and Fc = UsNc =0.3NC. 


Equations of Equilibrium. Referring to the free - body diagram of the concrete block shown in Fig. a, 


(zm A=0; 0.3N g 008 7.5(0.15)—0.3N y sin 7.53) + N g 008 7.543) +N g sin 7.5%0.15)— 500(9.811(1.5) = 0 
Np = 2518.78 N 
+ TER, =0; Fa -0.3(2518.78)c08 7.5" 2518.78 sin 7.59 = 0 F4 = 1077.94 N 


4xR, =0 Na +2518.78008 7.5" —0.3(2518.78)sin 7.59 — 500(9.81) = 0 
Na = 2506.40 N 


Since Fa <(Fa max = 1's Na = 0.5(2506.40)= 1253.20 N, the concrete block will not slip at A. Using the result of 
N p and referring to the free - body diagram of the wedge shown in Fig. b, 
+ TER, =0; Nc +0.3(2518.78)sin 7.5” —2518.78008 7.5% = 0 Nc = 2398.60 N 


EF, =0 0.42518.78 )c0s 7.5? + 2518.78 sin7.5* + 0.(2398.60)— P =0 
P =1797.52N =1.80 kN Ans. 
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*8-76. The wedge blocks are used to hold the specimen 
in a tension testing machine. Determine the largest design 
angle 0 of the wedges so that the specimen will not slip 
regardless of the applied load. The coefficients of static 
friction are 44 = 0.1 at A and ug = 0.6 at B. Neglect the 


weight of the blocks. 


Spocimen: . 


+TEE =0; 
Wedge: 


HE. <= 0; Na c0s0 — 01M, 0100 - L=0 


P fa=0.1Na 
+TER =0; 0.1, 0000 + Mysin9 —5=0 A A ic 


P = 2N,(0.1c098 + sin0) 


0.6N, (c0s8 — 018100) —"N,(0.1c099 + sin0) = 0 


0.50030 — 1.0669 = 0 * 


1, 05. 
= MU) 
0 = tai G ) = 25,32 


8-77. The square threaded screw of the clamp has a 
mean diameter of 14 mm and a lead of 6 mm. If 1, = 0.2 for 
the threads, and the torque applied to the handle is 
1.5 N : m, determine the compressive force F on the block. 


Frictional Forces on Screw : Here, 9 = tan “(5)- EAS Ss 


W=Fandg, =tan "y, =tan” (0.2) = 11.310. Applying Eq.8-3, we have 


7.168", 


M= Wran(0+p) 
1.5 = F(0.007) tan(7.768* + 11.310) 


F=620N Ans 


Note : Since $, > 0, the screw is self - locking. It will not unscrew even if the moment 
is removed. 
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8-78. The device is used to pull the battery cable terminal 
C from the post of a battery. If the required pulling force is 
85 lb, determine the torque M that must be applied to the 
handle on the screw to tighten it. The screw has square 
threads, a mean diameter of 0.2 in., a lead of 0.08 in., and the 
coefficient of static friction is 1, = 0.5. 


Frictional Forces on Screw : Here, 9=tan ”' (5)- tan”! Ed 7.256", 
21. 2x(0.1) 


W =85 lb and o, = un y, =tan”' (0.5) = 26.565". Applying Eq.8—3, we have 


M= Wnan(9+ 4) 
= 85(0.1) tan(7.256* + 26.565") 
= 5.69 lb -in Ans 


Note : Since €, > 0, the screw is self - locking. It will not unscrew even if the moment 
is removed. 


8-79. The jacking mechanism consists of a link that has a 
square-threaded screw with a mean diameter of 0.5in.anda 
lead of 0.20 in., and the coefficient of static friction is 
ps = 0.4. Determine the torque M that should be applied to 
the screw to start lifting the 6000-Ib load acting at the end of 
member ABC. 


a = un* E) = 21,80 


(zm = 0;  - 6000(35) + Fap cos 21.80* (10) + Fap sin 21.80” (20) = 0 


5-79 | 


Foo = 12565 lb 
% = un”! (0.4) = 21.80? 


0.2 


= e 
Pa oz 


) = 7.256" 


M a Wrun (0 + 9) 
M = 12565 (0.25) tan 7.256” “+ 21.80%) 


M a 1745 lb» in. = 145lb- ft  Ans 
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*8-80. Determine the magnitude of the horizontal force P 
that must be applied to the handle of the bench vise in order 
to produce a clamping force of 600 N on the block. The 
single square-threaded screw has a mean diameter of 
25 mm and a lead of 7.5 mm. The coefficient of static 
friction is 1, = 0.25. 


Here, M = P(0.1) 


L 1175 
2 pe ns | HABS 
2) Ae Er e 


f,= tan” y ¿= tan (0.25) =14.036" 

W = 600 N 

Thus 
M= Wrtan(ó, +0) 
P(0.1) = 600(0.0125) tan(14.036* + 5.455") 
P =26.5N 


Note. Since $ , > 0, the screw is self - locking. 


e8-81. Determine the clamping force exerted on the 
block if a force of P = 30 N is applied to the lever of the 
bench vise. The single square-threaded screw has a mean 
diameter of 25 mm and a lead of 7.5 mm. The coefficient of 
static friction is 1, = 0.25. 


Here, M = 30(0.1) = 3N -m 


E 1175 
— |= | = 5.4550 
-) ee is dd 


= tan (0.25) = 14,036* 


M= Wrtan(p, +0) 
3 = F(0.0125) tan(14.036? +5.455%) 
F =678N 


Note. Since $ ; > 0, the screw is self - locking. 
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8-82. Determine the required horizontal force that must 
be applied perpendicular to the handle in order to develop 
a 900-N clamping force on the pipe. The single square- 
threaded screw has a mean diameter of 25 mm and a lead of 
5 mm. The coefficient of static friction is 1, = 0.4. Note: The 
screw is a two-force member since it is contained within 
pinned collars at A and B. 


Referring to the free - body diagram of member ED shown in Fig. a, 
(sao =0 Fag (0.2) -900(0.4) = 0 Fag =1800N 


A, PA El pa o 
Here, 0 = tan ¡es 5 )=>00 


f,= tan" ¿= tn 1(0.4)= 21.801? 
M = F(0.15); and W = Fyg =1800N 


M = Wrtan(ó, +0) 
F(0.15)= 1800(0.0125) tan(21.801* +3.643") 
F =71.4N 


Note. Since ( ; > 0, the screw is self - locking. 


757 


8 Solutions 44918 1/27/09 1:52 PM Page 758 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


8-83. If the clamping force on the pipe is 900 N, 
determine the horizontal force that must be applied 
perpendicular to the handle in order to loosen the screw. 
The single square-threaded screw has a mean diameter of 
25 mm and a lead of 5 mm. The coefficient of static friction 
is 1, = 0.4. Note: The screw is a two-force member since it 
is contained within pinned collars at A and B. 


Referring to the free - body diagram of member ED shown in Fig. a, 
+2M p =0, Fag (0.2) -—900(0.4) = 0 Fag =1800N 


Here, om 2)= wm -d |=asis" 
ar 212.5) 


f,= tan” y,=tan *(0.4)= 21.801 

M = F(0.15); and W = Fyg =1800 N 
M = Wrtan(b, -0) 
F(0.15)= 1800(0.0125) tan(21.801* 3.643") 
F =49.2N 
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*8-84. The clamp provides pressure from several directions 
on the edges of the board. If the square-threaded screw has a 
lead of 3 mm, mean radius of 10 mm, and the coefficient of 
static friction is q, = 0.4, determine the horizontal force 
developed on the board at A and the vertical forces 
developed at B and Cif a torque of M = 1.5 N- mis applied 
to the handle to tighten it further. The blocks at B and C are 
pin connected to the board. 


% = tan*(0.4) = 21.801 


Laso 
al 3 z - ; 
a a] = 2.734 328.0Nl Ss 


M = Wr)an(á + 0,) 
15S= A, (0.01)tan(21.801? + 2,7349) 


A, = 328.6 N Ans 


ER =0; 328.6 - 27 c0s45 = 0 


T = 232,.36N 


B, = G, = 232.365in45" = 164 N 
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e8-85. Ifthe jack supports the 200-kg crate, determine the 
horizontal force that must be applied perpendicular to the 
handle at £ to lower the crate. Each single square-threaded 
screw has a mean diameter of 25 mm and a lead of 7.5 mm. 
The coefficient of static friction is 1, = 0.25. 


The force in rod AB can be obtained by first analyzing the equilibrium of joint C followed by joint B. Referring 
to the free - body diagram of joint C shown in Fig. a, 

Edo > A =0 Fa4 sin45” — Fgg sin45* =0 Fa =Eg =F 

+1 EF, =0; 2F cos 45" — 2009.81) = 0 F =1387.34 N 


Using the result of F and referring to the free - body diagram of joint B shown in Fig. b, 
+1 EF, =0; Fgp sin45” — 1387.34 sin45* = 0 FBp = 1387.34 N 


5 xr, =0 1387.34c08 45" + 1387.34c08 45" — Fag =0 Frp =1962N 


Here, 9 = tan (4) o A OS 
2rcr 211(12.5) 


fp, = tan” y ¿= tan * (0.25) =14.036" 
M = F(0.1) and W = Fyg = 1962 N 
Since M must overcome the friction of two screws, 


M = 2[W tan(9, — 0)] 
F(0.1) = 21962(0.0125) tan(14.036* — 5.455")] 
F=T740N 


Note. Since ( , > 6, the screws are self - locking. 


% = tam*(0.4) = 21.801 


e 31. o 
0, = tan [0] 2.734 


M = Wr)un(á + 0,) 

1.5 = A.(0.01)tan(21.8019 + 2.7349) 

A = 328.6 N Ans 

5bER =0;  328.6- 2Tc0s45 = 0 
T = 232.36N 


B, = G, = 232.363in45" = 164 N 
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8-86. If the jack is required to lift the 200-kg crate, 
determine the horizontal force that must be applied 
perpendicular to the handle at E. Each single square- 
threaded screw has a mean diameter of 25 mm and a lead of 
7.5 mm. The coefficient of static friction is 4, = 0.25. 


The force in rod AB can be obtained by first analyzing the equilibrium of joint C followed by joint B. Referring 
to the free - body diagram of joint C' shown in Fig. a, 

Fax sin45” — Fig sin45” = 0 

2F cos45* — 2009.81) = 0 


Using the result of F and referring to the free - body diagram of joint B shown in Fig. b, 
+ T EF, = 0; Fp sin452 cano 1387.34 sin452 = 0 y 38 a 1387.34N 


ER, =0 1387.34008 45 + 1387.34008 45" — Fag =0 Fap =1962N 


E E al 75 
, O = o |= == 5,4559 
Here, 0 = tan ¡ES tan _— 55 


f,= tan” y = tan (0.25) = 14.036" 
M = F(0.1) and W = Fag = 1962N 


Since M must overcome the friction of two screws, 
M = 2[Wr tan(9, +0)] 
F(0.1) = 21962(0.0125) tan(14.036* + 5.455") 


F=174N 


Note. Since f ; > 0, the screws are self - locking. 


4 


200(9-B1) N 
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8-87. The machine part is held in place using the 
double-end clamp. The bolt at B has square threads with a 
mean radius of 4 mm and a lead of 2 mm, and the 
coefficient of static friction with the nut is u, = 0.5. If a 
torque of M = 0.4 N + m is applied to the nut to tighten it, 
determine the normal force of the clamp at the smooth 
contacts A and C. 


$ = tan! (0.5) = 26.565" 


9 = un! (55) = 4.5509 


M = Wrun (0 + Y) 
Na 
0.4 = W (0.004) tan(4. 550" + 26.565%) 


W = 165.67 N 


(QEM, = 0, — Ne (350) — 165.67 (260) = 0 


Nc =123.1=123N  Ans 
+TER =0; MN - 165.67 +:123.1 = 0 


N, =426N  Ans 


*8-88. Blocks A and B weigh 50 lb and 30 lb, respectively. 
Using the coefficients of static friction indicated, determine 
the greatest weight of block D without causing motion. 


For block A and B : Assuming blockB does not slip (sot39)M 


+TER =0;  N¿-(50+30)=0 N¿=801b 
SER =0;  0.4(80)-T, =0 Ta =321 

For block B : 

+TEE =0;  Nycos20”+F; sin20”-30=0 168 
5 xR=0; Ec0s20”-N, sin20”-32=0 (2) 
Solving Eqs.[1] and [2] yields : 

E =4032b  N¿=17251b 


Since E, = 40.32 Ib > Na =0.6(17.25) = 10.35 1b, slipping does occur 
betweenA and B, Therefore, the assumption is no good . 


Since slipping occurs, R, =0.6N. 


+TER =0; Nz cos20” +0.6N, sin20”-30=0  N, =26.20 Ib 


5 ER =0;  0.6(26.20)c0s20”-26.20sin20”-T, =0 7 =5.8121b 
a 


T=Te? Where T=W,7=7Z%=5.8121b, $=0.5x rad 
Wo = 5.8120%-*(0-50 


=12.7 1 


762 


8 Solutions 44918 1/27/09 1:52 PM Page 763 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*e8-89. Blocks A and B weigh 75 lb each, and D weighs 
30 lb. Using the coefficients of static friction indicated, 
determine the frictional force between blocks A and B and 
between block A and the floor C. 


Por the rope, T¿=7Tje*", where T¿=301b,7, =7Tp, and f= 
0.Sx rad. 


Ya Teo 0s 
Ta = 13,678 lb 
Fe = 13,7 bo 


For block B: 


+ 1 EF, =0;Ng cos 20” + Fg sin20” —-75=0 


EF, += 0; Fg cos 20” — Na sin20” — 13,678 =0 
Solving Eqs. [1] and (2] yields: 
Na =6538 lb 

Fp =38.5 lb Aos 


Since Fg = 38.5 lb < 4Ng = 0.6(65.8) = 39.5 Ib, slipping between 
A and B does not occur. 


8-90. A cylinder having a mass of 250 kg is to be 
supported by the cord which wraps over the pipe. 
Determine the smallest vertical force F needed to support 
the load if the cord passes (a) once over the pipe, 6 = 180%, 
and (b) two times over the pipe, 6 = 540. Take q, = 0.2. 


Frictional Force on Flat Belt : Here, T, = Fand T, =250(9.81) = 2452,5 N. 
Applying Eq. 8-6, we have 


a) 1£ $ = 180 =x rad 


T = % er? 
24525 = Fe*** 


F= 1308.38 N = 1.31 kN 


b) 1f fB= 540" =3x rad 
n=10? 
2452.5 = Fe an 


F=372,38 N =372N 
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8-91. A cylinder having a mass of 250 kg is to be 
supported by the cord which wraps over the pipe. 
Determine the largest vertical force F that can be applied 
to the cord without moving the cylinder. The cord passes 
(a) once over the pipe, B = 1807, and (b) two times over the 
pipe, B = 5407. Take q, = 0.2. 


Frictional Force on Flat Belt : Hese, T, = 250(9.81) = 2452.5 N and 7, = F. 
Applying Eq. 8—6, we have 


a) 6 f= 180? = x rad 
7 = 70” 
F=2452.50?* 


F=4597.10 N = 4.60 kN 


b) 1f A = 540" = 3x rad 
7 =7e* 
F=2452,509 


F=16152.32 N = 16.2 kN 
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*8-92. The boat has a weight of 500 lb and is held in 
position off the side of a ship by the spars at A and B.A man 
having a weight of 130 lb gets in the boat, wraps a rope 
around an overhead boom at C, and ties it to the end of the 
boat as shown. If the boat is disconnected from the spars, 
determine the minimum number of half turns the rope must 
make around the boom so that the boat can be safely 
lowered into the water at constant velocity. Also, what is the 
normal force between the boat and the man? The coefficient 
of kinetic friction between the rope and the boom is 
1, = 0.15. Hint: The problem requires that the normal force 
between the man's feet and the boat be as small as possible. 


Frictional Force on Flat Belt : 1f the normal force berween the man and the boat 
is equal to zero, then, 7, = 130 lb and 7, = 500 lb. Applying Eq. 8-6, we have 


T = Ter? 
$00 = 130€%-*** 


B= 8.980 rad 


8.980 
The least number of half turns of the rope required is ra 2.86 turns. Thus 


Use  n=3 half mms Ans 
Equations of Equilibrium : From FBD (a), 
+TEE=0; T-N,-500=0 T,=5,+500 
From FBD (b), 
+TEE=0, T+N_-130=0 7,=130-N, 
Frictional Force on Flat Belts : Here, B= 3x rad. Applying Eq. 8-6, we have 


ñ = Ter? 
N,, +500= (130-N, y) 00-1300 


N,, =6.74 lb 


T,=/36-9 /h 
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e8-93. The 100-Ib boy at A is suspended from the cable 
that passes over the quarter circular cliff rock. Determine if 
it is possible for the 185-lb woman to hoist him up; and if 
this is possible, what smallest force must she exert on the 
horizontal cable? The coefficient of static friction between 
the cable and the rock is 1, = 0.2, and between the shoes of 
the woman and the ground q; = 0.8. 


£ 
pes 


185 Ib 


RT = 71, e = 100€”*7 = 136.9 1b 
7,=/36:9 /h 


+ TER =0, N-185=0 


N = 185 lb 


DIF, =0  169-F=0 
F = 136.91b F 
Fea =0.8(185) = 148 1b > 136.9 1b 


Yes, just barely. Ans 


8-94. The 100-lb boy at A is suspended from the cable 
that passes over the quarter circular cliff rock. What 
horizontal force must the woman at A exert on the cable in 
order to let the boy descend at constant velocity? The 
coefficients of static and kinetic friction between the cable 
and the rock are 1, = 0.4 and uz = 0.35, respectively. 


£ 
qe 


Rare. 1027 e 


T¡=57.7lb  Ans 
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8-95. A 10-kg cylinder D, which is attached to a small 
pulley B, is placed on the cord as shown. Determine the 
smallest angle O so that the cord does not slip over the peg at 
C. The cylinder at E has a mass of 10 kg, and the coefficient 
of static friction between the cord and the pegis uu, = 0.1. 


Since pulley B is smooth, the tension in the cord between pegs A and C remains constant. Referring to the free - body 
diagram of the joint B shown in Fig. a, we have 
- B.05 


+ Y ER, =0; 2T sinó — 10(9.81) = 0 T== 
sin 0 


In the case where cylinder E is on the verge of ascending, T, =T = e and F = 10(9.81) N. Here, 5 +0, Fig. b. Thus, 
1 


E =Tjebb 


Tr 
E) 
2E = 10(9.81)e 62 
sinó 


0.5 TC 
l = 0.1 —=+0 
“ino ( 2 ] 
Solving by trial and error, yields 


6 = 0.4221 rad = 24.2” 


*8-96. A 10-kg cylinder D, which is attached to a small 
pulley B, is placed on the cord as shown. Determine the 
largest angle 0 so that the cord does not slip over the peg at 
C. The cylinder at E has a mass of 10 kg, and the coefficient 
of static friction between the cord and the peg is uu, = 0.1. 


49.05 


In the case where cylinder E is on the verge of descending, T, =10(9.81) N and % = ; 
sin 


Here, 7* 9.Thus, 
B =1pebP 


01(£+0) 
109.81) = 20 e N? 
sinó 


In(2sin 6) = 0( Eo) 


Solving by trial and error, yields 


8 = 0.6764 rad = 38.8" 
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e8-97. Determine the smallest lever force P needed to 
prevent the wheel from rotating if 1t is subjected to a torque 
of M = 250 N : m. The coefficient of static friction between 
the belt and the wheel is , = 0.3. The wheel is pin 
connected at its center, B. 


— F(200) + P(950) = 0 


F=475P 


7 =7e? 


P=475P e *D - 1953P 


— 19.53 P (0.4) + 250 + 4.75P(0.4) = 0 


P=423N Ans 
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8-98. Ifa force of P = 200 N is applied to the handle of 
the bell crank, determine the maximum torque M that can 
be resisted so that the flywheel is not on the verge of 
rotating clockwise. The coefficient of static friction between 
the brake band and the rim of the wheel is 1, = 0.3. 


Referring to the free - body diagram of the bell crank shown in Fig. a and the flywheel shown in Fig. b, 


(+2M5 =0; T, (0.3) + T72(0.1)—200(1) = 0 (0) 
(Mo =0: T, (0.4) -T4(0.4)-M =0 (2) 


2709 
By considering the friction between the brake band and the rim of the wheel where B = 50” = 1.57 rad and 


Ta >T2, we can write 


Y, = Treb+b 


T, = 10003052) 


T, = 4.111276 


Solving Eqs. (1), (2), and (3) yields 
M=187N-m 
Th = 616.67 N Tc = 150.00N 
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8-99. Show that the frictional relationship between the Impending 
belt tensions, the coefficient of friction yu, and the angular motion 
contacts a: and £ for the V-belt is T, = T ¡er B/sinta/2), 


F.B.Dof a section of the belt is shown. 
Proceeding in the general manner : 


EF, =0; -(T4dD cos É + Teo + 2dF = 0 


EF, 20; (Ted sin L Tin + 2d sinZ = 0 


. de, de 
Replace sin by —» 


de 
= by1 
cos dy 


dF = udN 
Using this and (47)(d8) = 0, the above relations become 


dT = 24 dN 


Td0 = 2d sins) 


Combine a = PEA 


T sasF 


Integrate from 9 =0,T = 7; 
vw 06=84T=Z 
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*8-100. Determine the force developed in spring AB in 
order to hold the wheel from rotating when it is subjected 
to a couple moment of M = 200 N - m. The coefficient of 
static friction between the belt and the rim of the wheel is 
Ms = 0.2, and between the belt and peg C, uu, = 0.4. The 
pulley at B is free to rotate. 


Referring to the free - body diagram of the wheel shown in Fig. a, we have 
(+Mo =0; F(0.2)+ 200-7,(0.2) = 0 


In this case, the belt could slip over the wheel or peg C. We will assume 


it slips over the wheel. Here, f] = E)" =1.Sírrad. Thus, 


1 
R =Tet“B 
p =T 2150) 
T, = 2.5663; 


Solving Eqs. (1) and (2) yields 
f =638.43N  T,= 1638.43N 


Using these results and considering the friction between the belt and peg C, 
where Ba = frrad, 

h= per Jue Ba 

1638.43= 638.434 1 2001) 

(ls) eq = 0.3 


Since the coefficient of static friction between the belt and peg Cis greater than 

(UU s)reg (5 > 03), the belt will not slip over peg C.Thus, the above assumption 

is correct. Using the results of T and referring to the free - body diagram of joint B shown 
inFig.b, 

BER, =0 Fag 008 45? — 1638.43= 0 


Solving 
Fag = 317.10N =2.32 kN 


7,=/638:43 N 
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e8-101. If the tension in the spring is Fig = 2.5 kN, 
determine the largest couple moment that can be applied to 
the wheel without causing it to rotate. The coefficient of 
static friction between the belt and the wheel is u, = 0.2, 
and between the belt the peg q = 0.4. The pulley B free to 
rotate. 


Referring to the free - body diagram of joint B shown in Fig. a, 
ER, =0 250000s 45" B =0 


Solving, 
BR =176777 N 


In this case, the belt could slip over the wheel or peg C. We will assume that 


it slips over the wheel. Here, $; = (2). =1.Srerad and 7, >P. Thus, 


bh =TjebBi 


1767.77 = T,e0-21.5x) 
F = 688.83 


Using the results for 7; and 7 and considering the friction between the belt and peg C, 
where $, = rad, 
h= pet Jr B2 


1767.77 = 688,834: Ja (1) 
(Ls)reg =03 


Since the coefficient of static friction between the belt and peg Cis greater than 
(1d ( 11 > 0.3), the belt will not slip over peg C.Thus, the above assumption 
is correct. Using the results of 7; and T, and referring to the free - body diagram of the 
wheel shown in Fig. b, 
(Mo =0; 688.890.2)+M - 1767.7X0.2) = 0 
M =216N -m 
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8-102. The simple band brake is constructed so that the 
ends of the friction strap are connected to the pin at A and 
the lever arm at B. If the wheel is subjected to a torque of 
M = 801b - ft, determine the smallest force P applied to the 
lever that is required to hold the wheel stationary. The 
coefficient of static friction between the strap and wheel is 
ps = 0.5. 


B = 20” + 180? + 45% = 245" 


L+EM) =0;  T,(125) + 80 - Z(1.25) =0 


Z=7 er, %=1, SUI 8.48277; 


Solving; 12,.5531b 
$50 


T, = 8,553 b 15 sH 
T, = 72.553 lb 
(+EM, =0;  -72.553(sin45")X(1.5) - 4.5P =0 


P =17.11b Ans 
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8$-103. A 180-lb farmer tries to restrain the cow from 
escaping by wrapping the rope two turns around the tree 
trunk as shown. If the cow exerts a force of 250 lb on the 
rope, determine if the farmer can successfully restrain the 
cow. The coefficient of static friction between the rope and 
the tree trunk is 1, = 0.15, and between the farmer's shoes 
and the ground uy = 0.3. 


Since the cow is on the verge of moving, the force it exerts on the rope is 7 = 250 lb and the force exerted 
by the man on the rope is 7; . Here, $ = X27) = 4x rad. Thus, 


E =1elP 
250= e 54m) 
F = 37.96 lb 


Using this result and referring to the free - body diagram of the man shown in Fig. a, 


+ Y ER, =0; N-180=0 N =180 lb 


EF, =0 3796-F=0 F = 37.961b 


Since F< Fnax = Ms N = 0.X180)= 54 Ib, the man will not slip, and he will successfully restrain the cow. 
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*8-104. The uniform 50-Ib beam is supported by the rope 
which is attached to the end of the beam, wraps over the 
rough peg, and is then connected to the 100-Ib block. If 
the coefficient of static friction between the beam and the 
block, and between the rope and the peg, is q, = 0.4, 
determine the maximum distance that the block can be 
placed from A and still remain in equilibrium. Assume the 
block will not tip. 


N-100 =0 
N = 1001b 
T, - 0.4 (100) = 0 


FT = 401b 


7, = 400%) - 74.978 1 


- 100 (d) - 40 (1) - 50 (5) + 74,978 (10) = 0 


d=4.60ft  Ans 
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e8-105. The 80-kg man tries to lower the 150-kg crate 
using a rope that passes over the rough peg. Determine the 
least number of full turns in addition to the basic wrap 
(165%) around the peg to do the job. The coefficients of 
static friction between the rope and the peg and between 
the man's shoes and the ground are , = 0.1 and q; = 0.4, 
respectively. 


0.4N —Tsin15*= 0 
N +Tcos 15” -— 80(9.81) = 0 


T=486.55N N=314.82N 


Using the result for T and considering the friction between the rope and the peg, where 7) = 150(9.81) N, 7, =T = 486.55 N 


and B = n(27)+ [ 


90 + 752 
er 13 =(2n + 0.9167) rad, Fig. b, 
B=1 eMsB 
1509.81) = 486.558 0 ..21:+0.9167)x 
In3.024 = 0.1(2n + 0.9167)x 
n =1.303 


Thus, the required number of full turns is 
n=2 


8019.81) N 
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8-106. If the rope wraps three full turns plus the basic 
wrap (165?) around the peg, determine if the 80-kg man can 
keep the 300-kg crate from moving. The coefficients of 
static friction between the rope and the peg and between 
the man's shoes and the ground are y, = 0.1 and u; = 0.4, 
respectively. 


If the man is on the verge of slipping, F= us N = 0.4N. Referring to the free - body diagram of the man shown in Fig. a, 
FER, =0 0.4N —Tsin15”=0 
+ TER, =0; N +Tcos 15" — 80(9.81) = 0 


Solving, 
T=486.55N N=314.82N 


Using the result for T and considering the friction between the rope and the peg, where 7) = 300(9.81) N, 7] =7 = 486.55 N 


and $ = n(21)+ [ 


90% + 752 


180" 1d = (2n + 0.9167)x rad, Fig. b, 


B=1etP 


300(9.81)= 486.55e 
1n6.049 = 0.1(2n +0.9167)7 
n = 2.406 


0.1(2n +0.9167yx_ 


Since n > 3, the man can hold the crate in equilibrium. 
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8-107. The drive pulley B in a video tape recorder is on 
the verge of slipping when it is subjected to a torque of 
M = 0.005 N - m. If the coefficient of static friction between 
the tape and the drive wheel and between the tape and the 
fixed shafts A and C is q, = 0.1, determine the tensions T'; 
and T, developed in the tape for equilibrium. 


Here T3 must overcome T4¿ and M, so T3 >T¿4. Also, $ =7 rad. Thus, 
y = Ty els B 
p=r em 
R =1.36917 


Referring to the free - body diagram of pulley B in Fig. a, 
+EM y = 0; 0.005 +7, (0.01)—73(0.01) = 0 


Solving Eqs. (1) and (2), yields 
Th =1.3546N  T3=1.8546N 


Using the result of Ty and considering the friction on the fixed shaft A, where T, > T¿ and $ = rad, 
y = Tqelb 
=1,3546e0.1% 
= 1.85 N 


Using the result of T3 and considering the friction on the fixed shaft C, where Tz > Tz and f = 7 rad, 


% =Tz0l'sB 


1.8546 = Te 
B =1.59 N 
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*8-108. Determine the maximum number of 50-Ib packages 

that can be placed on the belt without causing the belt to 

slip at the drive wheel A which is rotating with a constant a 
angular velocity. Wheel B is free to rotate. Also, find the z 2 P=300lb 
corresponding torsional moment M that must be supplied 

to wheel A. The conveyor belt is pre-tensioned with the 

300-lb horizontal force. The coefficient of kinetic friction 

between the belt and platform P is uz = 0.2, and the 

coefficient of static friction between the belt and the rim of 

each wheel is u, = 0.35. 


The maximum tension 7) of the conveyor belt can be obtained by considering the equilibrium of 
the free - body diagram of the top belt shown in Fig. a. 


+ Y ER, =0; n(50)-N =0 N =50n (1) 
5XF, =0, 150+ 0.A50m)-T, =0 T, =150+10n (2) 


By considering the case when the drive wheel A is on the verge of slipping, where [B =xrad, T, = 
150 + 10n and 7, = 150 lb, 


7 =Gel? 
150+ 10n = 150807) 
n= 30.04 


Thus, the maximum allowable number of boxes on the belt is 
n=30 Ans. 


Substituting n= 30 into Eq. (2) gives DH = 450 lb. Referring to the free - body diagram of the wheel A shown 
in Fig. b, 
(Mo =0; M +1500.5)-450(0.5)= 0 
M =1501b-ft 


n(s50) tb 
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*e8-109. Blocks A and B have a mass of 7 kg and 10 kg, 
respectively. Using the coefficients of static friction 
indicated, determine the largest vertical force P which can 
be applied to the cord without causing motion. 


Frictional Forces on Flat Belts : When the cord pass over peg D, 
$B = 180” = rad and 7, =P. Applying Eq. 8-6, T, =Te*”, we have 


P=Tje”"'"  T=0.7304P 


When the cord pass over peg C, B=90*=2 radand Y =7, =0.7304P 


. o =T” ÓB 
. Applying Eq. 8-6, %' =7,"2**, we have on 1009-81) =G8-1N 


0.7304P=T,'e 9 7 '=0,3897P 
Equations of Equilibrium : From FBD (4), 


+TER =0; N,-98,1=0 N¿=98.1N 
5 EE =0; Ff-T=0 Na 
(a) 


Ng =98-1N) 
Y 7980 -C867N 


(+1M,=0; — T(0.4)-98.1(x) =0 
From FBD (b), 


+ TER =0, N,-98.1-68.67=0  N,=166.77 N 7, =03897P 
1 


5 ER =0; 0.3897P-F,-F, =0 [3] 


Friction : Assuming the block B is on the verge of tipping, thenx=0.15m.. , 
Hor motion to occur, block A will have slip. Hence, E, =(4,), Na 

= 0.3(166.77) = 50.031 N. Substimng these values into Eqs.[1], [2] and (3] 

and solving yields 


P=222.81 N=223 N 
Ej =T=36.79 N 


Since (Fy)..., =(4,)3 Na = 0.4(98.1) = 39.24 N > F,, block B does not 
slip but ps. Therefore, the above assumption is correct. 
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8-110. Blocks A and B have a mass of 100 kg and 150 kg, 
respectively. If the coefficient of static friction between A 
and B and between B and Cis u, = 0.25, and between the 
ropes and the pegs D and E yu; = 0.5, determine the 


smallest force F needed to cause motion of block B if 
P=30N. 


Assume no slipping between A and B. 


PegD: 


E=Tet Fip= 0es(E - 65.80N 


— 65.80 - 0.25 Npc + Fog cos 45% = 0 
Nac — 981 + Fog sin 45” - 150 (9.81) = 0 
Fig = 768.1N 


Nac = 1909,4N 


PegE: 


R=7é F= a PAPA 


Note: Since B moves to the right, 
(Fa8 max = 0.25 (981) = 245.25 N 
245.25 = Pace” * (1) 

Pua = 112N > 30N 


Hence, no shipping occurs between A and B as originally assumed 
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8-111. Block A has a weight of 100 lb and rests on a 
surface for which u, = 0.25. If the coefficient of static 
friction between the cord and the fixed peg at Cis u, = 0.3, 
determine the greatest weight of the suspended cylinder B 
without causing motion. 


0:123M 50(9.81) N 


Frictional Force on Flat Belt : Here, $ =60* = 3 rad and T, =W. 
Applying Eq. 8-6, T, = Te”? ;' we have 

wW=T e"? 7 =0.7304W 
Equations of Equilibrium : From FBD (b), 


+ TER =0;  N-0.7304Wsin 30” - 100 =0 


5 IR =0;  0.7304Wcos 30” -F=0 


A =0;  100(x)-0.7304Wcos 30” (4) 
—0.7304Wsin 30(1-x) =0 a 


Friction : Assuming the block is on the verge of ipping, thenx= 1 ft. 
Substimting this value into Eqs.[1], [2] and [3] and solving yields 


7 =98lm 


Since Fa,z = 4,N =0.25(114.43) = 28.61 lb > F, the block does not slip but 
tips. Therefore, the above assumption is correct 


W = 39.5 lb Ans 


F=250Mb  N=114.43 lb 
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*8-112. Block A has a mass of 50 kg and rests on surface 
B for which u, = 0.25. If the coefficient of static friction 
between the cord and the fixed peg at C is um, = 0.3, 
determine the greatest mass of the suspended cylinder D 
without causing motion. 


Block A : 


Assume block A slips and does not tip. 


. 81 
+TEF, =0; M + 3T- 500.81) =0 SA SÓN 


DEF, =0 025M-2T=0 
5 x = 0.0516 m < 0.125m 


413.1 N A 
NM = (9.31) Peg: 
T=129.1N 


90* + 316.87*1 
R=T. 98lm= 12910 (Mm )" 


4 3 
-50 (9. 7 (129.1) (0.3) - > (129.1) (0.125 - 1) =0 
50 (9.81) x + 7 (129.1) (0.3) - (129.1) ( e 


0:123M 50(981) N 


TFT=/24.1N 


783 


8 Solutions 44918 1/27/09 1:53 PM Page 784 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*e8-113. Block A has a mass of 50 kg and rests on surface 
B for which , = 0.25. If the mass of the suspended cylinder 
D is 4 kg, determine the frictional force acting on A and 
check if motion occurs. The coefficient of static friction 
between the cord and the fixed peg at Cis uy = 0.3. 


ás paa * pen). 


Po 219N 419,7 N 


0.125 S0(9,71)N 
Fr - 3020.19) = 0 431) 


Fa =162N Anos 
+TIF, =0 mM -300.8) + 300.19) =0 
M = 478.4N 
Fidaa = 0.25(478.4) = 119.6N> 16.16N OK 
Block does notalip. 
(M6 = 0 -S00.80x+ $ 00.19)(0.3) - 3 00.19)(0.125 2) = 0 
x = 0.00697 í < 0.125m OK. 


No tipping occurs.  Ans 


8-114. The collar bearing uniformly supports an axial 
force of P = 800 lb. If the coefficient of static friction is 
ps = 0.3, determine the torque M required to overcome 
friction. 


2 RE — Ri 
Mu (3) 


3030800) 


(1.5)? — 13 
(1.5)? — pl 


304 Ib-in. Ans 
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8-115. The collar bearing uniformly supports an axial 
force of P = 500 lb. If a torque of M = 31b* ft is applied to 
the shaft and causes it to rotate at constant velocity, 
determine the coefficient of kinetic friction at the surface of 
contact. 


(ds 


(1.5)? - 1? 
(1,5)? —- 1? 


2 
3(12) = zuc50o)| 


Hz =0.0568 - Ans 


*8-116. If the spring exerts a force of 900 lb on the block, 
determine the torque M required to rotate the shaft. The 
coefficient of static friction at all contacting surfaces is 
pm, = 0.3. 


21 6in. 
Here, R === lin, Ro == =3 in, 15=0.3 and P = 900 1b, since M is required to overcome the 
friction of two contacting surfaces. Eq. 8-7 becomes 


ie) 


3 
= 203 00) 53] 


=1170 1b-in =97.51b-ft 


*e8-117. The disk clutch is used in standard transmissions 
of automobiles. If four springs are used to force the two 
plates A and B together, determine the force in each spring 
required to transmit a moment of M = 600 lb + ft across the 
plates. The coefficient of static friction between A and B is 
pm, = 0.3. 


Bearing Friction : Applying Eq. 8-7 with R, =5 in., R, =2 in., M= 600(12) 
= 7200 lb-in, 1, =0.3 and P=4F,, we have 


23) 


ES a +) 


E, = 1615.38 lb = 1.62 kip 
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8-118. If P = 900N is applied to the handle of the bell 
crank, determine the maximum torque M the cone clutch 
can transmit. The coefficient of static friction at the 
contacting surface is 1, = 0.3. 


Referring to the free - body diagram of the bellcrank shown in Fig. a, we have 
+EM g =0; 900(0.375)— (0.2) =0 Fc =1687.5N 


Using this result and referring to the free - body diagram of the cone clutch shown in Fig. b, 


BER, =0, AL sins”) -16875=0 N = 6520.00 N 


The area of the differential element shown shaded in Fig.c is dA = 277 ds = 2xr ze r dr. Thus, 
sin as sin 15? 


0.15m E 
=| 4 Ñ 5 7 dr =0.08345 m?, The pressure acting on the cone surface is 
0.125m SIN 


= 78.14103)N /m? 


The normal force acting on the differential element dA is dN = pdA = mao 5 par= = 1896.73 103)r dr. 


Thus, the frictional force acting on this differential element is given by dF = u¿dN = 0.X1896.73X107)r dr 
= 569.010? )r dr. The moment equation about the axle of the cone clutch gives 


EM =0; m-| rdF =0 
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8$-119. Because of wearing at the edges, the pivot bearing 
is subjected to a conical pressure distribution at its surface 
of contact. Determine the torque M required to overcome 
friction and turn the shaft, which supports an axial force P. 
The coefficient of static friction is u,. For the solution, it is 
necessary to determine the peak pressure py in terms of P 
and the bearing radius R. 


Equastions of Equilibrium and Bearing Friction : Using similar triangles, 


"E o= RRA. Also, dA =2xrdr, d = pdA and dF= ,dN 


= (R= (arde -P=0 
2rp, y* Ml 
ió 


3P 
Pm=—= 


ER? 
(+ zx =0; Í (u,pda)r-M=0 
SAP (mn canrdor-m=0 
2x4, Po 
Pto (PA R=d-M=0 


M= xu,R* po 
6 


Substituting Eq. [1] into [2] yields 


R? 


Ma mE 3P )- p,PR 


6 2 
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*8-120. The pivot bearing is subjected to a parabolic 
pressure distribution at its surface of contact. If the 
coefficient of static friction is u,, determine the torque M 
required to overcome friction and turn the shaft if it 
supports an axial force P. 


The differential area dA = (rd0)(dr) 


papá [po )iraonan = o "40/31 Ja 


po pe 
2 POr 


2P y 
dN=pdA= al % 5 ]rdonan 


pp. p 
Ma rdF= [yurán = E y e r(1- je 


= EPR Aus 


15 
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e8-121. The shaft is subjected to an axial force P. If the 
reactive pressure on the conical bearing is uniform, 
determine the torque M that is just sufficient to rotate the 
shaft. The coefficient of static friction at the contacting 
surface is uy. 


Referring to the free - body diagram of the shaft shown in Fig. a, 
N P 

+ TER, =0; pai? - =— 

y 4 3 cas) P N 5 


The area of the differential element shown shaded in Fig. bis dA = 271rds = = r dr, Thus, 


dq a 
= [4 =f, al se 4 0 (e? 24 ) 


Therefore, the pressure acting on the cone surface is 


The normal force acting on the differential element dA is 


8P 


dN = pdA = 4P Ed rdr 
ra? -4?) cos O (4? -a2]os0 


Thus, the frictional force acting on this differential element is given by 


dF = uydN = SusP 


rdr 
(42? - a?]coso 


The moment equation about the axle of the shaft gives 
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8-122. The tractor is used to push the 1500-1b pipe. To do 
this 1t must overcome the frictional forces at the ground, 
caused by sand. Assuming that the sand exerts a pressure on 
the bottom of the pipe as shown, and the coefficient of static 
friction between the pipe and the sand is ,= 0.3, 
determine the horizontal force required to push the pipe 
forward. Also, determine the peak pressure po. 


B 2 
+TER =0, 21)” p,cos8 (rd6) cos — W =0 
o! 
2poLr 5" cos* 040 = W 
o 
lod 
2po rl(70 + ¿0m28)| = W 


Apo) TUD = W 


2D ADADE) = 1500 


Po = 0.442 pai Ans 


cosO 
Pa | > (03)(0442 mora cr2 1012 in, AY(S in.) d9 


F= 513 1b Ans 
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8-123. The conical bearing is subjected to a constant 
pressure distribution at its surface of contact. If the 
coefficient of static friction is 4,, determine the torque M 
required to overcome friction if the shaft supports an axial 
force P. 


The differential area (shaded) dA = (E 


dr )> 2ardr 
cos0 


P= Spcos 9dA= [pcoso[ 25) = 2p )7 rdr 


2P 
yr 


=ÍrdF= MP Ñ 2 
M=ÍrdF Susran= 2 a 


UP _R'_24,PR 
Ricos0 3 3c0s0 


791 


8 Solutions 44918 1/27/09 1:53 PM Page 792 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*8-124. Assuming that the variation of pressure at the 
bottom of the pivot bearing is defined as p = py(R2/r), 
determine the torque M needed to overcome friction if the 
shaft is subjected to an axial force P.The coefficient of static 
friction is 1,. For the solution, it is necessary to determine 
Po in terms of P and the bearing dimensions R; and R,. 


AN: PAR 


IR =0 P=fdi= LS or dr do 


= [” fim(2)r a ao 


= 2% po Ra (Ra — Ri) 


P 


a 
E PO RRA) 


qm, =0, M= | rdr = |)" [7 y, pre drdo 
2% pRa Ra 
= i a Hs Po B)r aras 
= pa Qupo) Ra (2 -Ri) 
Using Eq. (1): 


M==Z4 PB +R). Ano 
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e8-125. The shaft of radius r fits loosely on the journal 
bearing. If the shaft transmits a vertical force P to the 
bearing and the coefficient of kinetic friction between the 
shaft and the bearing is uz, determine the torque M 
required to turn the shaft with constant velocity. 


From the geometry of the free - body diagram of the shaft shown in Fig. a, 


HEN 
tn = o = 
7 y Uk 


Thus, referring to Fig. b, we obtain 
sing ¿= _Hk_ 


d+ uy? 


Referring to the free - body diagram of the shaft shown in Fig. a, 


Uk 


(Ma =0; M-P Ame 


=0 


sl Hs 
dir? 
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8-126. The pulley is supported by a 25-mm-diameter pin. 
If the pulley fits loosely on the pin, determine the smallest 
force P required to raise the bucket. The bucket has a mass 
of 20 kg and the coefficient of static friction between the 
pulley and the pin is y, = 0.3. Neglect the mass of the 
pulley and assume that the cable does not slip on the pulley. 


Referring to the free - body diagram of the pulley shown in Fig. a, 
£iF, =0 Pc0s60”-—R,=0 R, =0.5P 
+1 EF, =0; Ry — Psin 60* - 20(9.81)= 0 Ry = 0.8660P + 196.2 


Thus, the magnitude of R is 


R= Jr? +Ry? = HOSP) +(08660P + 1962)? 
=|P? + 339.83P + 38494.44 


By referring to the geometry shown in Fig. b, we find that $, = tan”! As = tan” 1(0.3) = 16.699". Thus, 
the moment arm of R from point O is (12.5sin16.699%) mm. Using these results and writing the moment 
equation about point O, Fig. a, 


(+Mo =0; 20(9.81X75)+ 1P? + 339.83P + 38494.44(12.5sin16.699%) — P(75) = 0 


Choosing the root P >20(9.81) N, 
P=215N 


. 12.5Sin 60-694 * 
12:5 Sin 16-694 dd 


D: =/6-699* 


20(9-81) N 


(A) 
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8-127. The pulley is supported by a 25-mm-diameter pin. 
If the pulley fits loosely on the pin, determine the largest 
force P that can be applied to the rope and yet lower the 
bucket. The bucket has a mass of 20 kg and the coefficient 
of static friction between the pulley and the pin is 1, = 0.3. 
Neglect the mass of the pulley and assume that the cable 
does not slip on the pulley. 


Referring to the free - body diagram of the pulley shown in Fig. a, 
HF, =0 P c0s60”—R,=0 R, =0.5P 
+7 EF, =0; Ry — Psin 60? - 20(9.81)= 0 Ry = 0.8660P + 196.2 


Thus, the magnitude of R is 


R= yk? +Ry? =kosp)? + (0.8660 P + 196.2)? 
= lp? + 339.83P + 38494.44 


By referring to the geometry shown in Fig. b, we find that f, = tan”! yu, = tan”1(0.3) = 16.699". Thus, 
the moment arm of R from point O is (12.5sin16.699*) mm. Using these results and writing the moment 
equation about point O, Fig. a, 


(¿Mo =0; 20(9.8175)— P(75)- Pp? + 339.83P + 38494.44(12.5sin16.6999) = 0 


Choosing the root P <20(9.81) N, 
P=179N 


12.5Sin!6.6994* 2-5SMIO 697" 


D=/6-699* 


(a) 
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*8-128. The cylinders are suspended from the end of the 
bar which fits loosely into a 40-mm-diameter pin. If A has a 
mass of 10 kg, determine the required mass of B which is 
just sufficient to keep the bar from rotating clockwise. The 
coefficient of static friction between the bar and the pin is 
ps = 0.3. Neglect the mass of the bar. 


By referring to the geometry, we find that $, = tan”? 11, =tan1(0.3) =16.699". Thus, 
the moment arm of Rfrom point O is (20sin16.699”) mm. 


a =0; 10(9.81X800+ 20sin16.6999)— mp (9.81(600— 20sin16.699%) = 0 
ma =13.6kg 


e8-129. The cylinders are suspended from the end of the 
bar which fits loosely into a 40-mm-diameter pin. If A has a 
mass Of 10 kg, determine the required mass of B which is just 
sufficient to keep the bar from rotating counterclockwise. 
The coefficient of static friction between the bar and the pin 
is ., = 0.3. Neglect the mass of the bar. 


By referring to the geometry, we find that $, = tan” 1, = tan (0.3) = 16.699". Thus, 
the moment arm of Rfrom point O is (20sin16.699”) mm. 


(mua =0; 10(9.81X800— 20sin16.699")— mp (9.81.600+ 20sin16.699%) = 0 
mp =13.1 kg 


8$-130. The connecting rod is attached to the piston by 
a 0.75-in.-diameter pin at B and to the crank shaft by a 
2-in.- diameter bearing A. If the piston is moving 
downwards, and the coefficient of static friction at the 
contact points is , = 0.2, determine the radius of the 
friction circle at each connection. 


(rda =r144,=0.2in.  Ans 


0.75(0.2) > 


7] 0.075in. Anas 


(rda =rap, = 
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8$-131. The connecting rod is attached to the piston by a 
20-mm-diameter pin at B and to the crank shaft by a 
50-mm-diameter bearing A. If the piston is moving 
upwards, and the coefficient of static friction at the contact 
points is 4, = 0.3, determine the radius of the friction circle 
at each connection. 


(ra =r44M, = 25(0.3) = 7.50mm  Ans 


(ra =rgl, = 10(0.3) =3mm  Ans 


*8-132. The 5-kg pulley has a diameter of 240 mm and the 
axle has a diameter of 40 mm. If the coefficient of kinetic 
friction between the axle and the pulley is pu, = 0.15, 
determine the vertical force P on the rope required to lift 
the 80-kg block at constant velocity. 


f=015 
$1 = ta'(0.15) = 8.5319 
7, = rsing, = 20 sin8.531* = 2.967 mm 


By approximation, 
y, = ru = 20015) = 3.00 mm 


tiza, = 0: —T842(120 + 1,) — 49.05 1, + P(120 — 1) = 0 


Tf exact value of r, (2.967 mm) is used, 
Thus P = 826N Ans 
Tf approximate value of 7, (3.00 mm) is used, 


also P= 8326N Ans (approx.) 
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e8-133. Solve Prob. 8-132 if the force P is applied 
horizontally to the right. 
$. = ta*(0.15) = 8.531 
7, = reino, = 20 sin8.531* = 2.967 mm 
By approximation 
r, = rm = 20(0.15) = 3.00 mm 
(+EM, =0; 784.8(0.120) + R( xy) -FX0.120) = 0 
SE =0; R =P 
+TER =0; R, = 833.85 
R = (Pi + (833.85) 
94.18 + 0.12 P = /P2 + (833.85) 1, 
If exact value of 7, (0.002967 m ) is used, then 
P=816N '  Ans 
If approximate value of », (0.003 m ) is used, then 


P=8l1MN Ans (approx.) 


8-134. The bell crank fits loosely into a 0.5-in-diameter 
pin. Determine the required force P which is just sufficient 
to rotate the bell crank clockwise. The coefficient of static 
friction between the pin and the bell crank is yu, = 0.3. 


ml 10 in. 


LF, =0 P c0s45"— Ry =0 Ry =0.7071P 
+ T ER, =0; Ry — Psin45”—50=0 Ry =0:7071P +50 


Thus, the magnitude of R is 


R= Je? +Ry?= kon? +(0.7071P +50)? 
= dp? + 70.71P + 2500 


We find that $; = tan”? y, = tan”1(03) = 16.699”. Thus, 
the moment arm of Rfrom point O is (0.25sin16.699”) mm. Using these results and writing the moment 
equation about point O, Fig. a, 


(Mo =0; 50(10)+1P? + 70.71P +2500(0.25sinl6.699%)-— P(12) = 0 


Choosing the larger root, 
P =42.21b 
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8-135. The bell crank fits loosely into a 0.5-in-diameter 
pin. If P = 41 lb, the bell crank is then on the verge of 
rotating counterclockwise. Determine the coefficient of 
static friction between the pin and the bell crank. 


FER, =0 4100545” — R,=0 Ry = 28.991 lb 
+ TER, =0; Ry — 4lsin45"-50=0 Ry =78.991 lb 


Thus, the magnitude of R is 


= Je? + Ry? =d28 9917 4789917 =84.144 1b 


We find that the moment arm of R from point Ois 0.25sin fs. 
Using these results and writing the moment equation about point O, Fig. a, 
(xo =0; SO(10)—41(12)—84.144(0.25sing,)= 0 
Qs = 22.35" 


Thus, 
s= tan, = tan22.35" = 0.411 
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*8-136. The wagon together with the load weighs 150 lb. 
If the coefficient of rolling resistance is a = 0.03 in., 
determine the force P required to pull the wagon with 
constant velocity. 


The normal reaction N on the wheels can be obtained by referring to the free - body diagram of the wagon shown in Fig. a. 
+ Y ER, =0; N + Psin45”-150=0 N =150-0.7071P 


Since the rolling resistance of the wheels is F = e. where W = N = 150- 0.7071P, a= 0.03 in. and r= 3 in., then 
r 


(150— 0.7071PX0.03) _ 
3 


EF, =0 P 00845" — 0 


P=2.101b 
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e8-137. The lawn roller has a mass of 80 kg. If the arm BA 
is held at an angle of 30” from the horizontal and the 
coefficient of rolling resistance for the roller is 25 mm, 
determine the force P needed to push the roller at constant 
speed. Neglect friction developed at the axle, A, and assume 
that the resultant force P acting on the handle is applied 
along arm BA. 


0 = sin” E) = 5.4 


(H2Mo =0  -25(784,8) - P sin30? (25) + P cos 20 (250 cos 5.74) = 0 


Solving, 
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8-138. Determine the force P required to overcome 
rolling resistance and pull the 50-kg roller up the inclined 
plane with constant velocity. The coefficient of rolling 
resistance is a = 15 mm. 


From the geometry indicated on the free - body diagram of the roller shown in Fig. a, O = sin) =2,866". 


We have 
Ay 2F,: =0; P 00830" - 50(9.81) sin30?—R sin2.866" = 0 
¿X ER = 0; P sin30*+R cos2.866* — 50(9.81) 00530" = 0 


Solving, 
P =299N 
R =275.58 N 


Pcan also be obtained directly by writing the moment equation of equilibrium about point A. Referring to Fig. a, 
(¿mM A=0; 50(9.81)sin(30? + 2,866” 300) — P cos(30* — 2,8661300) = 0 
P =299N 
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8-139. Determine the force P required to overcome 
rolling resistance and support the 50-kg roller if it rolls 
down the inclined plane with constant velocity. The 
coefficient of rolling resistance is a = 15 mm. 


From the geometry indicated on the free - body diagram of the roller shown in Fig. a, 9 = sin 36) =2.866". 


Ys TF, = 0; Pcos30”+ Rsin2.866” — 50(9.81) sin30* = 0 
NDA = 0; Psin30*”+R cos.2.866? — 50(9.81)00s 30 = 0 


Solving, 
P =266N 
R =291.98N 


Pcan also be obtained directly by writing the moment equation of equilibrium about point A. Referring to Fig. a, 


(+EM A=0; 50(9.81)sin(30” — 2.866” (300) — P cos(30* + 2.866" 300) = 0 
P =266N 
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*8-140. The cylinder is subjected to a load that has a 
weight W. If the coefficients of rolling resistance for the 
cylinder's top and bottom surfaces are ay, and ag, 
respectively, show that a horizontal force having a 
magnitude of P = [W(a, + az)]/2r is required to move the 
load and thereby roll the cylinder forward. Neglect the 
weight of the cylinder. 


SER, 20; (R)-P=0  (R).=P 


+TER 20;  (R)-W=0 (Ri), =W 


(sima =0, — Plrcosóntrcosón)-War+ as) =0 (1 


Since $, and fp are very small, cosf, =cosf y = 1. Hence, from Eq. (1) 


. Wa, + 09) 
P 7 (QED) 


e8-141. The 1.2-Mg steel beam is moved over a level 
surface using a series of 30-mm-diameter rollers for which _ A == 
the coefficient of rolling resistance is 0.4 mm at the ground 6066 O0OGGGOGGGO 
and 0.2 mm at the bottom surface of the beam. Determine 

the horizontal force P needed to push the beam forward at 

a constant speed. Hint: Use the result of Prob. 8-140. 


EA W (a, + ap) Ñ (1200) (9.81) (0.2 + 0.4) 


P 
2r 2 (15) 


P=23ÍN  Ans 
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8-142. Determine the smallest horizontal force P that 
must be exerted on the 200-Ib block to move it forward. The ) 


rollers each weigh 50 lb, and the coefficient of rolling 


resistance at the top and bottom surfaces is a = 0.2 in. 
4 NV 
1.25 ft S) 1251 WEY 


In general : 


fs =0; P(rcosg +rcos q) - WU (a, +49) - Mas =0 
Since $4 and fp are very small, cos dy = cos fa = 1. Hence, 
P(2r) = WU (a, + a9) + Wi as 


pu. M0 +09) + Was 
2 


Thus, for the problem, 


Dd 2 (0.2 + 0.2) + 2 (50) ea) 
2 (1.25) 


P=40b  Ans 


8-143. A single force P is applied to the handle of the 
drawer. If friction is neglected at the bottom and the 
coefficient of static friction along the sides is u, = 0.4, 
determine the largest spacing s between the symmetrically 
placed handles so that the drawer does not bind at the 
corners A and B when the force P is applied to one of 
the handles. 


Equations of Equilibrium and Friction : U the drawer does not bind al 
corners Á and B, slipping would have to occur at points A and B. Hence, 
E, =H4N, =0.4N, and E, = UN, =0.4Np. 


SER =0; N-N,=0 N,=N,=N 


+TER=0; 04N+04N-P=0  P=0.8N 


(+2M% =0; — N(03)+04N(1.25) -03N( 


mo3+05-08(= ==) =0 


s+1.25 
7-) 


03+05-08(* 2) =0 


s=0.750 m 
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*8-144. The semicircular thin hoop of weight W and 
center of gravity at G is suspended by the small peg at 4.A 
horizontal force P is slowly applied at B. If the hoop begins 
to slip at A when O = 30”, determine the coefficient of static 


friction between the hoop and the peg. 


SER, =0; P + F, cos 30” — N, sin 30? = 0 


+TIR 20; F,sin30* + N,c0s 30 -W=0 


(25, = 0: -Wsin sor (2 - E) + P sin 390" (R) + P.cos 30" (R) = 0 


P = 0.1330 W 
0.1330 (F, sin 30” + N, cos 30) + F, cos 30? -= N, sin30? = 0 
Fa (0.9325) — N, (0.3848) = 0 


Fa _ 0.3848 
= 


hm = Mo 0.9325 = 0.413  Ans 


Also, 

*MEF, =0;  N, - Wcos 30” - Psin30”=0 

+/ZF, =0: pa N, - Wsin30" + Pcos 30"=0 

(es = 0; -W sin 30* (2) (1 - 2) + P cos 30" (R) + P sin 30*(R) = 0 
P =0.133W 


Ma = 0.413 Anos 
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e8-145. The truck has a mass of 1.25 Mg and a center of 800 mm 
mass at G. Determine the greatest load it can pull if (a) the 
truck has rear-wheel drive while the front wheels are free to 
roll, and (b) the truck has four-wheel drive. The coefficient of 
static friction between the wheels and the ground is qu, = 0.5, 


and between the crate and the ground, itis yu, = 0.4. 


3) The truck with rear wheel drive. 


Equations of Equilibrium and Friction : lt is required that the rear wheels 
of the truck slip. Hence F, = 1,N, =0.5N, .From FBD (a), 


(+2M, =0: — 1.2510) (9.81)(1)+7(0.6)-M,(2.5)=0 — [I 


SER =0; 05N,-T=0 (2] y N 
125001981) 
Solving Eqs. [1] and [2] yields 
N, =5573.86N  T=278693N 
Since the crate moves, E. = 1,'N¿ =0.4N¿. From FBD (c), 


+TER=0, N¿-W=0 N¿=W 


5 ER =0;  2786.93-0.4W=0 
W = 6967.33 N = 6.97 kN 


b) The truck with four wheel drive. 
Equations of Equilibrium and Friction : lt is required that the rear wheel $ 


and front wheels of the truck slip. Hence E, = 1,N, =0.5N, and Fy 
= 4,Ny =0.SN, From FBD (b), 


(+20 =0; 1.25(10*) (9.81)(1)+7(0.6) -N,(2.5)=0 — [3] 


(+24, =0: Na (2.5) +T(0.6) - 1.25( 10”) (9.81)(1.5) =0 [4] 


SER =0; 0.5N, +0.5N, -T=0 [5] 


Solving Eqs.[3], [4] and [5] yields 


N,=6376.5N  N¿=5886.0N  T=6131.25N 
Since the crate moves, FE. = 1,'N¿ =0.4N¿. From FBD (c), 


+TER=0; N¿-W=0 N¿=W 


SXFR=0;  6131.25-0.4W=0 


W = 15328,125 N = 15.3 kN 
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8-146. Solve Prob. 8-145 if the truck and crate are 
traveling up a 10” incline. 


8) The truck with rear wheel drive. 


Equations of Equilibrium and Friction : It is required that the rear wheel 
of the truck slip hence F, = 1,N, =0.5N, .From FBD (a), 


(+24 =0: — 1.25(10?) (9.81)c0s 10*(1) STO NGGNN 
+1.25( 10”) (9.81) sin 10*(0.8) 
+T(0.6) -N, (2.5) =0 


he EF, =0,  0.5N,-1.25( 10?) (9.81) sin 10?-T=0 


Solving Eqs. [1] and [2] yields 
N, =5682.76N  T=712.02N 
Since the crate moves, F. = 1,'N¿ =0.4N¿. From FBD (c), 


N+ER.=0;  N¿-Wcos10”=0  N¿=0.9848W 


HE =0;  71202-Wsin 10”-0.4(0.9848W) =0 


W = 1254.50 N = 1.25 kN Ans 


b) The truck with four wheel drive. 


Equations of Equilibrium and Friction : It is required that the rear wheels 
of the truck slip hence E, =41,N, =0.5N,. From FBD (p), 


(+20 =0;  1.25(10*) (9.81)cos 10*(1) 


+1.25( 10”) (9.81) sin 10*(0.8) 
+T(0.6) —N, (2.5) =0 


(+ zm, =0; — -1.25(10)(9.81)c0s 10*(1.5) 
+1.25( 10”) (9.81) sin 10*(0.8) 
+T(0.6) +N¿ (2.5) =0 


hy EE =05  0.5N, +0.5Ng — 1.25( 10”) (9.81) sin 10” -T=0 
Solving Eqs.(3], [4] and [SÍ yields 

N, =6449.98N  N¿=5626.23N  T=3908.74N 
Since the crate moves, F. =41,"N =0.4N¿. From FBD (c), 


ÁHZE.=0;  N¿—Weos 10”=0  N¿=0.9848W 


EE =0; 3908.74 Wsin 10 -0.4(0.9848W) =0 
W = 6886.79 N = 6.89 kN Ans 
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8-147. If block A has a mass of 1.5 kg, determine the 
largest mass of block B without causing motion of the 
system. The coefficient of static friction between the blocks 
and inclined planes is q, = 0.2. 


1509.81) N 
- 


45 


By inspection, B will tend to move dowa the plane. £=02Na 
A 


Block A : 

dl Na 
+4 EF, =0; T- 0.2N, - 1.5(9.81) sin 45% = 0 
y 


ÑER =0; NM -1.5(9.81) cos 45* = 0 ms(G.81) 


Block B : | 
60? 

NER =0; T+ 0.2N, -9.81 (mp) sin 60 = 0 

yrER, =0; Na — 9.81 (mp) cos 60* = 0 

Solving, 

N =104N; NM =3815N; T=125N; 


m =1.66kg  Ans 
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*8-148. The cone has a weight W and center of gravity at 
G. If a horizontal force P is gradually applied to the string 
attached to its vertex, determine the maximum coefficient 
of static friction for slipping to occur. 


Equations of Equilibrium : In this case, it is required that the cone slips and 
about to tip about point A. Hence, F= (4,),,,, N. 


(+25, =0; w(2)-e0m =0 pz 


A 
+TER=0; N-W=0 N=W 
FeUelniN 


+ h 
531 =0 Tn W=0 d! 
(Loan =0.250 
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e8-149. The tractor pulls on the fixed tree stump. 
Determine the torque that must be applied by the engine to 
the rear wheels to cause them to slip. The front wheels are 
free to roll. The tractor weighs 3500 lb and has a center of 
gravity at G. The coefficient of static friction between the 
rear wheels and the ground is q, = 0.5. 


Equations of Equilibrium and Friction : Assume that the rear wheels 
B slip. Hence F, = 4,N, =0.5N5. 


(+2M, =0  Na(8)-T(2)-3500(5) =0 
+TER =0; Ny¿+N,-3500=0 
SER =0; T-05N,=0 
Solving Eqs.(1], [2] and (3] yields 
N,=1000lb N,=2500lb  T=12501b 


Since N, > 0, the front wheels do not lift up. Therefore the rear wheels slip as 
assumed. Thus, E, =0.5(2500) = 1250 lb. From FBD (b), 

(+2M, =0,  M-1250(2)=0 fa=1250 lb 
M= 2500 lb -ft= 2.50 kip-ft 


(b) — M25001b 
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8-150. The tractor pulls on the fixed tree stump. If the 
coefficient of static friction between the rear wheels and 
the ground is u, = 0.6, determine if the rear wheels slip or 
the front wheels lift off the ground as the engine provides 
torque to the rear wheels. What is the torque needed to 
cause this motion? The front wheels are free to roll. The 
tractor weighs 2500 lb and has a center of gravity at G. 


diera 


Equations of Equilibrium and Friction : Assume that the rear wheels 
B slip. Hence F, = u,N¿ =0.6N. 


(+ =0  N5(8)-T7(2)-2500(5) =0 2500 Ib 
A 


+TER =0;  N¿+N,-2500=0 


SEE =0; T-06N,=0 
Solving Eqs.(1], (2] and (3] yields 
N, =661.76lb  N,=1838.24lb  T=1102.94 lb 
Since N, >0, the front wheels do not lift off the ground. Therefore 
the rear wheels slip as assumed. Thus, F¿ =0,6(1838.24) = 1102.94 lb. From 
FBD (b), R=/102-74-1b 


+IM,=0,  M-110294(2)=0 -/838. 
M= 2205.88 lb-ft=2.21 kip-ft  Ans Ng"/956:24 1) 
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8-151. A roofer, having a mass of 70 kg, walks slowly in an 
upright position down along the surface of a dome that has 
a radius of curvature of r = 20 m. If the coefficient of static 
friction between his shoes and the dome is pu, = 0.7, 
determine the angle O at which he first begins to slip. 


7o(9. TON 
9 


HER, =0;  N-70(9.81)c0s0 =0 
SER =0;  709.81)sin0-0.7N=0 


Solving Egs. (1) and (2) yields : 
0=35.0P - 


N=562.6N 


*8-152. Column D is subjected to a vertical load of 8000 Ib 
8000 Ib. It is supported on two identical wedges A and B for 

which the coefficient of static friction at the contacting | 
surfaces between A and B and between B and Cis q, = 0.4. 

Determine the force P needed to raise the column and the 

equilibrium force P*' needed to hold wedge A stationary. 

The contacting surface between A and D is smooth. 


Wedge A: 
+TER =0;  Ncos10”-0,4Nsin10”-8000=0 


N= 8739.8 lb 


SER =0;  0.4(8739,8)c0810*+8739.8 sin 10? -P*=0 


P' = 4960 1b = 4.96 kip Áns 
Wedge B : 


+TER =0; — Nc+0.4(8739.8)sin10”--8739.8c0s10* =0 
Ne = 8000 1b 
5zf, =0; — P-0.4(8000)-8739,8sin10? -0.4(8739,8)c0810* =0 


P = 8160 lb =8.16 kip Ans 
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*8-153. Column D is subjected to a vertical load of 8000 lb. 8000 Ib 
It is supported on two identical wedges A and B for which 

the coefficient of static friction at the contacting surfaces | 
between A and B and between B and Cis u, = 0.4. If the 
forces P and P” are removed, are the wedges self-locking? 
The contacting surface between A and D is smooth. 


100000000 


Wedge A: 

Lar, =0; N -8000c0810* =0 
N=7878.5 lb 

Er, =0; . 8000sin10? —-F' =0 
F = 1389.2 lb 


Since F' = 1389.2 Ib <0.4(7878.5) = 3151.4 1b, the wedges do not slip at 
contact surface AB. 0 


Wedge B: 


+TER =0; — Nc—1389.2sin10”-7878.5c0910” =0 


Ne = 8000 lb 
SER =0;  Fc+1389.2c0s10”-7878.Ssin10* =0 
Fe=0 


Since Fc =0, no slipping occurs at contact surface BC. Therefore, the wedges 
are self-locking  Ans 
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9-1. Determine the mass and the location of the center of 
mass (x, y) of the uniform parabolic-shaped rod. The mass 
per unit length of the rod is 2 kg/m. 


Differential Element. The length of the element shown shaded in Fig. ais 


2 
dl = a? + dy? = 15) dy 


The mass of the element is 


án =p A 217 +4)o> y +44 


2 
The centroid of the element is located at X = x = + and y = y. Integrating, 


4 
m=| an = | "+4 dy =11882kg=11.8kg 
m 0 


SN E 
+4 
. | E 27.148 _ 2.2945 m=2.29m 
41m +5 11.832 
| bs 
0 
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9-2. The uniform rod is bent into the shape of a parabola 
and has a weight per unit length of 6 lb/ft. Determine the 
reactions at the fixed support A. 


Differential Element. The length of the element shown shaded in Fig. a is 


2 
a. = da? + ¿? = 1%) dy 


=2 49? +43? dy 
3 
The weight of the element is therefore 
AW =ydL =e[> 9+4y? a] =249+ 4y? dy 


2 
The centroid of the element is located at X =x = > Integrating, 


3N 2 
w=| av =| 2/9+ 4y? dy =26.621 lb 
W 0 


3ft 2 3 ft 
f],+a f (m0?) 0 3/ y 9 7797 
su 2 E A 


W 

3ft 3ft 5 
j dW j 2/9 +4y? dy 2/ 94 4y? dy 
W 0 0 


— 26.62 


Equations of Equilibrium: By referring to the free - body diagram of the rod shown in Fig. b, yields 


5, =0 A, =0 
+1 EF, =0; Ay — 26.621=0 Ay = 26.621 lb =26.6 lb 
(Ma =0; Ma - 26.621(1.229)= 0 Ma =32.74 lb-ft =32.7 lb -ft 


26.621 lb 
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9-3. Determine the distance x to the center of mass of the 
homogeneous rod bent into the shape shown. If the rod has 
a mass per unit length of 0.5 kg/m, determine the reactions 
at the fixed support O. 


Length and Moment Arm : The length of the differential element is dl 
(Gia 1+(2) lr and is contrcid is £= x. Hara, Y a Ze, 
dx d 2 


Performing the integration, we have 


la Jim 
9 8/ 9 y 
= = -, 2 — = =1.4 
L=faL f (a 5(1+3) 1.4397 m 


3 )- 03] E 


Centroid : Applying Eq. 9-7 , we have 


pi 0.5497 m=0.546 m 
e" 


Equations of Equilibrium : 
SER =0; 0, =0 


+TER =0;  0,-0.5(9.81)(1.4397) =0 
O, =7.06N 


(10 =0;  Mo-0.5(9.81)(1.4397) (0.5457) =0 
Mo=3.85N-m Ans 
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*9-4, Determine the mass and locate the center of mass 
(x, y) of the uniform rod. The mass per unit length of the 
rod is 3 kg/m. 


Differential Element. The length of the element shown shaded in Fig. ais 


a = la? + a? = (2) de 


Here, 2- —2x.Thus, 


2 
al = fra? ar = 14+4x? de = 3) +x?2 dr 


2m 1 2 
m= | (3 kg/m) z) +x2 de =24.6468)= 13.9kg  Ans. 
0 


Centroid: The centroid of the element is located at X = xand y = y. 
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e9-5. Determine the mass and the location of the center of 
mass x of the rod if its mass per unit length is 
m= my + x/L). 


Differential Element. The element shown shaded in Fig. a has a mass of 


ón = |, m[ 145) a: =2moL Ans. 


The centroid of the differential element is located atx¿ =x 


L 2 
j pra 
0 L 
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96. Determine the location (x, y) of the centroid of the wire. 


Length and Moment Arm : The length of the differential element is dE 


1 
= >| 1+(2) dx and its centroid is y = y =x”. Here, 


dy 
q 


Centroid : Due to symmetry 


i=0 


Applying Eq. 9- Sand performing the integration, we have 


 Iijal Sp 1+4x2dx 


9-7. Locate the centroid x of the circular rod. Express the 
answer in terms of the radius r and semiarc angle «. 
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*9-8. Determine the area and the centroid (x, y) of the area. 


Differential Element: The area element parallel to the xaxis shown shaded in Fig. a will be considered. The 
area of the element is 


dix Ly 


. o 0214) _ y 
Centroid: The centroid of the element is located at X = x/ 2 = -.— = > and y. = y. 


Area: Integrating, 


y? 
vai = 5.333m? = 5.33 m? 


4 
ga 
o 4 
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*9-9, Determine the area and the centroid (x, y) of the area. 


Differential Element: The area element parallel to the y axis shown shaded in Fig. a will be considered. The 
area of the element is 


dA = yd =x32 ax 


12 
Centroid: The cenrid of e elements located at = xand j=y/2= 2. 


Area: Integrating, 


a=/ ds - [792 a 2,50 AA 
a de 5 5 


EA E 


5 = 


822 


9 Solutions 44918 1/28/09 2:34 PM Page 823 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


9-10. Determine the area and the centroid (x, y) of the area. 


Differential Element: The area element parallel to the y axis shown shaded in Fig. a will be considered. The 
area of the element is 


dA = yd == de 


Centroid: The centroid of the clementis located até =xand J= y /2== 47. 


Area: Integrating, 


3 ft 3ft 
= as = ze dem e del =22510 
Á 
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9-11. Determine the area and the centroid (x, y) of the area. 


Differential Element: The area element parallel to the y axis shown shaded in Fig. a will be considered. The 
area of the element is 


dA = ydx =2a'2xV? dy 


Centroid: The centroid of the element is located ati =xand )=y/2=a"2x2, 
Area: Integrating, 


4=/ as -f 9a 2:12 dy = 4 112,312 ¿dama 


b 
201222 dx) j 24/23/12 

- 90 
4 1/2,3/2 4 1/2,3/2 4 
=a “b nl — 
de ze b ze 


A 


fa ER (a a DS Y2 dy IN Dl a 
- q al2p3/2 7 aV2p312 E a Mpal 


dA 
Ii EJ 3 
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*"9-12, Locate the centroid x of the area. 


Area and Moment Arm : The area of the differential element is dA = ydx 
=x'dx and its centroid is X=x, 


Centroid : Applying Eq. 9 Hand performing the integration, we have 


a join 
f,xdA _ iax(édx ) pe 4 tia 


= AA 2 A 1.61 in Ans 
x T,dA dr A Tin 
3 lie 


L— ti. d— 1 in. 
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e"9-13. Locate the centroid y of the area. 


y =x02 + 2x5/3 


Area and Moment Arm : The area of the differential element is dA = ydx 
1 
=x dx and its cenvoidis y =7 = 30 


Centroid : Applying Eq. 9-Gand performing the integration, we have 
“is. ] dd ptia. 
=p Up? poll 
> Ja YdA _ lia. 7 e) y lis: =1.33 im. Ans 
ld ara A 
3lhie. 


4 


$26 


9 Solutions 44918 1/28/09 2:34 PM Page 827 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


9-14. Determine the area and the centroid (x, y) of the area. 


Differential Element: The element parallel to the y axis shown shaded in Fig. a will be considered. The 
area of the element is 


¿? 
di =yd=— ax 
y Xx 


Centroid: The centroid of the element is located at X = xand 
Area: Integrating, 
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9-15. Determine the area and the centroid (x, y) of the area. 


Differential Element: The area element parallel to the y axis shown shaded in Fig. a will be considered. The 0 


area of the element is 


dA =ya= e de 
a 


Centroid: The centroid of the element is located at F = xand 5=y12= 3 Ls 
a 


Arca: Integrating, 
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*9-16. Locate the centroid (x, y) of the area. 


Area and Moment Arm : The arca of the differential element is dA = ydx 

lt, Ñ O A | l, 
=|1--—x” |dx and troid ====|l--x |. 
( 7) ts cen is y 3 l 2) 
Centroid : Due to symmetry 


=0 


Applying Eq. 9-4 and performing the integration, we have 


AZ Ma 
T, da f (1-¿e)a 
2mN 4 
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e9-17. Determine the area and the centroid (x, y) of the area. 


Differential Element: The area element parallel to the xaxis shown shaded in Fig. a will be considered. The 
area of the element is 


a 
o Air E 


Centroid: The centroid of the element is located atí => = ye? and 5= y. 


212 
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9-18. The plate is made of steel having a density of 
7850 kg/m'. If the thickness of the plate is 10 mm, determine 
the horizontal and vertical components of reaction at the pin 
A and the tension in cable BC. 


Differential Element: The element parallel to the y axis shown shaded in Fig. a will be considered. The 
area of this element is given by 
dA = ydx=1.25991B dy 


Centroid: The centroid of the element is located at X = xand y = y / 2. 
Area: Integrating, 


4m 
a=| dA =| 1259901 de 09409910" ña 
A 0 


Thus, the mass of the plate can be obtained from 
m = pAt= 7850(61(0.01)= 471 kg 


4m 4m 
4 
| za J x(1.2599.” ax) j 1.2599: V3 dr 05399113" " 
A _0 _ 0 - 


6 


Since the plate has a uniform thickness, ¡ts center of gravity coincides with its centroid. 
Equations of Equilibrium: By referring to the free body diagram shown in Fig. b, 


Fac (4) -4719.81X2.2857)= 0 
Fac =2640.27N =2.64kN 


A, =0 
Ay + 2640.27- 4719.81)=0 
Ay =1980.24N =1.98 kN 
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9-19. Determine the location x to the centroid C of the r=a(1- cos 6) 
upper portion of the cardioid, r = a(l — cos 6). y 


ne Lr 40 


A= [jna- cos9' 49 a ina? 


[7aa = f E rcos0)(5)(a*)a1 coser de 


. 20 [cos A1-cosOY de = -1.9635 a? 


í o 3 
ia f,%dA E 1.9635 a = -083 a A 
5, dA ira? 
A gra 
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*9-20. The plate has a thickness of 0.5 in. and is made of 
steel having a specific weight of 490 Ib/ftó. Determine the 
horizontal and vertical components of reaction at the pin A 
and the force in the cord at B. 


Differential Element: The element parallel to the x axis shown shaded in Fig. a will be considered. The 
area of this differential element is given by 


de = xdy = 43)? dy 


Centrotd: The centroid of the element is locuedars=x/2=E yU2 aná y. =) 


Area: Integrating, 


o 


Thus, the weight of the plate can be obtained from 
W=y= woo 25)- 122.5 lb 


ñ 
E, By” yy 


2 y 
6 


Since the plate has a uniform thickness, ¡ts center of gravity coincides with its centroid. 
Equations of Equilibrium: By referring to the free body diagram shown in Fig. b, 


+EM A =0; Ta (3) -122.X1.125) = 0 Tp = 45.94 Ib=45.91b 
ÍER =0 A, — 45.94 lb=0 Ay = 45.94 lb=45.9 lb 
+ 1 ER, =0; Ay -1225=0 Ay =122.5 lb 


W=/22:51b 
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e9-21. Locate the centroid x of the shaded area. 


Area and Moment Arm : The area of the differential element is dA = ydx 


=24(+-= Jas and its centroid is X= x. 


Centroid : Applying Eq. 9 4 and performing the integration, we have 


9-22. Locate the centroid x of the area. 


Area and Moment Arm : The area of the differential element is dA = ydx 


«ld and its centroid is =x. 


Centroid : Applying Eq. 9-éband performing the integration, we have 


0.Sin X 
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9-23. Locate the centroid y of the area. 


Area and Moment Arm : The area of the differential element is dA = ydx 


1 
=-k and its centroid is Y 


Centroid : Applying Eq. 9 -4and performing the integration, we have 


lia ] Ue 1 ¡Zin 
satis Lar 6) 05010 Ans 


A dA de doi. 


*9-24. Locate the centroid (x, y) of the area. 


dA = ydx = (9 - 2)ar 


- 3 E 
la 3dA e LIZS Ans 


FJ3(9 - PY de 


LL ñá— = 3.60 Ans 
$89 - 3) dx 
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e9-25. Determine the area and the centroid (x, y) of the 
area. 


Differential Element: The element parallel to the y axis shown shaded in Fig. a will be considered. The 
area of the element is 


3 
di =() ora +5 Ja 


pS 1 1 
Centroid: The centroid of the element is located at X = xand y = 7301+ ya2)= Y 2) 


Area: Integrating, 


=1.6ft  Ans. 


= 1.143 ft =1.14ft 
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9-26. Locate the centroid x of the area. 


Area and Moment Arm : Here, y, =x! and y, =x?. The area of the 
1 
differential element is dA = (y, O and its centroid is 


X=x. 


Centroid : Applying Eq. 9-4 and performing the integration, we have 


9-27. Locate the centroid y of the area. 


Area and Moment Arm : Here, y, = y and y, =x?. The area of the 
differential element is di = (y, -y,)dx = (ia and its centroid is 


. Yi=Y 
+ 
)1>» 2 


= 50 +y2) =(eer), 


Centroid : Applying Eq. 9-4 and performing the integration, we have 


0 L, jaa ml S +(+2)| (*i-22) ax] 


»dA fa) e 
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*9-28. Locate the centroid x of the area. 


hat» 1 
> +1) a n+ a 


IN 


«“(a+1) 


.e9-29. Locate the centroid y of the area. 
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9-30. The steel plate is 0.3 m thick and has a density of 
7850 kg/m”. Determine the location of its center of mass. 
Also determine the horizontal and vertical reactions at the 
pin and the reaction at the roller support. Hint: The normal 
force at B is perpendicular to the tangent at B, which is 
found from tan 0 = dy/dx. 


W=/2 3.2 KN 


f, de = [az a- La = 5.333 m 


[Fda = ES xdx = LA = 6.40 m 


- 2 =120m Ans 


y=0 Ans  (bysymmery) 
y. 


2y dy = 2dr 


(Ma =0; — -123.2(1.2) + Mu(cos 26.57") (2) + Mu(sin 26.57") (2) = 0 
Ny =35.10= SS.1kN  Ans 
—A, + 55.10in 26.57% = 0 
m0), -0.5 di ds 
0 = ua'(0.5) = -26.57* A, - 123.2 + 55.10c08 26.57 = 0 
W = 7850(0.3)(5.333)(9.81) = 123.2 kN A =73.9kN  Anms 
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9-31. Locate the centroid of the area. Hint: Choose 
elements of thickness dy and length [Q — y) — y?]. 


x.y 
x= 2-y 
dA = (1 -x1)dy = (2-y-y)d 


ato +Y 
2 


. ÍañdA _ 1.067 
1azdA _ 1.067 
f1dA — 1167 


Xx 


f aa - [6-19 - [»-2-2] = 1.167m* 


= 0.914 m Anses 
Ja 0 08 


y 
= ¿[9-7 +2-2] = 1.067 m* 5. lajdA 0.4167 a 
da" Ti6r 0 As 
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*9-32. Locate the centroid x of the area. 


Area and Moment Arm : Here, x, =1 and x, = 2. Te aca ol e 


2 
differenal elementis dA = (x, a and its centroid is 


._ X; =X 1 ly y 
x1=x + n =30 0 = (12 A 


Centroid : Applying Eq. 9-6 and performing the integration, we have 


/3616-5)o] 
Jade 
3 


qe ÍidA _ 
T,da > 


e9-33. Locate the centroid y of the area. 


Area and Moment Arm : Here, x, =7andx, = 2 Te aca of 


2 
differential elementis dA = (x, 00-22 )o and its centroid is 


y=y. 


Centroid : Applying Eq. 9-6 and performing the integration, we have 
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9-34. If the density at any point in the rectangular plate is 
defined by p= py(l + x/a), where po is a constant, 
determine the mass and locate the center of mass x of the 
plate. The plate has a thickness £. 


Differential Element: The element parallel to the y axis shown shaded in Fig. a will be considered. The 
mass of this element is 


dn =pdV = po[1+5 eos - po 1+2 Ja 
a a 


Mass: Integrating, 
E x y? 3 
=| dn= tb| 14+= | dx = pat — = =P gabi 
m f, feo (1+2) 000 72 


Center of Mass: The center of mass of the element is located at X= x. 


án 
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9-35. Locate the centroid y of the homogeneous solid 
formed by revolving the shaded area about the y axis. 


Differential Element: The thin disk element shown shaded in Fig. a will be considered. The volume of the element is d/ = 12? dy. 


Here, z=a- a? — y? .Thus, 


Y =(«- (237) ar 20-222?) 


Centroid: The centroid of the element is located at y = y. 


LL, e 


“710-3713 2X10- 30) 
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*09-36. Locate the centroid z of the solid. 


The volume of the differential thin- disk element dV= mide = n(a-/22) de 
dV= ra? +az-2aÍci Jae and ¿=z. 


L] 1 
e r(a* +a2-20123)ae] 1 
0 =3 


A Ividv _ 
5 
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.9-37. Locate the centroid y of the homogeneous solid 
formed by revolving the shaded area about the y axis. 


Differential Element: The thin disk element shown shaded in Fig. a will be considered. The volume of the element is 
2 13 3 
dv = =m— n=. 
To dy 59 Jo 167 Y 


Centroid: The centroid of the element is located at y = y. 
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9-38. Locate the centroid z of the homogeneous solid 
frustum of the paraboloid formed by revolving the shaded 


area about the z axis. 


Differential Element: The thin disk element shown shaded in Fig. a will be considered. The volume of the element is 


2 
dv A E 


Centroid: The centroid of the element is located at z = 
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9-39. Locate the centroid y of the homogeneous solid 
formed by revolving the shaded area about the y axis. 


Differential Element: The thin disk element shown shaded in Fig. a will be considered. The volume of the element is 
av = 1? dy = xy? -9) dy 


Centroid: The centroid of the element is located at y = y. 
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*0-40. Locate the center of mass y of the circular cone 
formed by revolving the shaded area about the y axis. The 
density at any point in the cone is defined by p = (po/A)y, 
where py is a constant. 


Differential Element: The thin disk element shown shaded in Fig. a will be considered. The mass of the element is 
= 2 2 
A a E 
h 


Centroid: The centroid of the element is located at y = y. 
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.e9-41. Determine the mass and locate the center of mass y 
of the hemisphere formed by revolving the shaded area 
about the y axis. The density at any point in the hemisphere 
can be defined by p = py(1 + y/a), where py is a constant. 


Differential Element: The thin disk element shown shaded in Fig. a will be considered. The mass of the element is 


3 
dm =pdV = pz? dy apo 1+2)Ja?-7)o = mo y? +ay Elo 


Centroid: The centroid of the element is located at y = y. 


a 2. 2 3 
J jdn f.> poa y + 
m = 


a [o 2-rry-L 


23 
= 72 An 
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9-42. Determine the volume and locate the centroid (y, z) 
of the homogeneous conical wedge. 


Differential Element: The half - thin disk element shown shaded in Fig. a will be considered. The volume of the element is 


2 
dv =+: 
2 


Volume: Integrating, 


y. Me 2 3 2 
v= | =/| js O] A 
v o 2h? 2h? | 3 6 


Centroid: The centroid of the element is located at Y = y and 
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9-43. The hemisphere of radius r is made from a stack of 
very thin plates such that the density varies with height, 
p = kz, where k is a constant. Determine its mass and the 
distance z to the center of mass G. 


Mass and Moment Arm : The density of the material is p = kz. The mass of 
the thin disk differential element is dm = paV = pxy*dz = ka] x(1 -2*) de] 
and its centroid Z = z. Evaluating the integrals, we have 


maj_dm= | x(?-2) de] 


Pra a 
(7-5), 


f_zám= ftejx(?-2) ap) 
a u(3- 2] med 


3 5 15 


Centroid : Applying Eq. 9 2 we have 


2. Jnidm _2xkr 115 28, 
= q TIA -_— 
STidm Tra 15 
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*9-44, Locate the centroid (x, y) of the uniform wire bent 
in the shape shown. 


Centroid : The length of each segment and its respective centroid are tabulated 
below. 


Segment L(mm) X(mm) y(mm) XL(mm?) yL(mm?) 
1 150 0 75 11250 
2 s0 0 0 
3 130 65 8450 
4 100 150 15000 
5 s0 130 6500 


480 41200 


ExrL 


. 4.3 

ATEN .375 mm = 34.4 mm Ans 
ZyL 41200 

== 570 95-83 mm = 85.8 mm Ans 


í= 
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e9-45. Locate the centroid (x, y, z) of the wire. 


Centroid: The centroid of each composite segment is shown in Fig. a. 


000) 2209/7000 ), 200 400) + 10) dano? +4002 ] 
Tr 


3 
- 16472005 21 mam 


200+ En +400 +/200? + 400? 1361.37 


100200) + 22D) q +0(400)+ d «(2002 + 400? 
2004 222 4400 + 200? + 400? 


7c(200) 
400 
0) q > J+ 2000 y+200| 200? + 400? ) EP 


= = 124 mm 
200+ Han + 400+ «(2002 +4002 1361.37 
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9-46. Locate the centroid (x, y, 7) of the wire. 


(O(4)+ (40) +(-2X4)+(2 da? +0? 


mí4)+ 6+ 44 (4? 46? 
(8/ 1 (4)+ 6)+0(4)+ (da? +6) 


r(4)+6+4+ 424 6? 


(Oyr(4)+36)+ 6(4)+ 3 da? +6? 


m(4)+6+4+ 4424 6? 
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9-47. Locate the centroid (x, y, 7) of the wire which is bent 
in the shape shown. 


EL 22 + x(2) + /4%+ 2 = 12.7533 in. 


251 = 00) - Da) + /877) = 0.9427 12 


EJL = (-D(2) - 02) + (/BF E) = 0.67214 0? 


EZL = 1(2) - 0(x2) +0(/8+ 2) « 2i9* 


, EL _ 0.94427 


EL "Bay oa Am 


EJL —0.47214 ) 
“1 "55 "ia A 
E¿L 
II —__ 


2 : 
“13” 0.157in  Ans 
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*9-48. The truss is made from seven members, each having, 
a mass per unit length of 6 kg/m. Locate the position (x, y) 
of the center of mass. Neglect the mass of the gusset plates 
at the joints. 


(1.9X3) + 4.5(3) + 45(3/2) + 1.53) + 33) + 1.5(3/2) 
5(3)+2(3/2) 


EyL (153) + 343) + 1.5(3) + 1.5(3/2) + 1.5(3/2) 


7” 


s(3)+2(3/2) 


= 131m Ans 
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e9-49. Locate the centroid (x, y) of the wire. If the wire is 
suspended from A, determine the angle segment AB makes 
with the vertical when the wire is in equilibrium. 


60? 


B 
200 mm — 


Centrold: The length of segment AB is lpp = 2 = 400 mm. The centroid C yg of this segment is located at 
cos 


¡= 20000860? 
> 2 


BC is located at the origin of the coordinate axes. 


= 100 mm and 5 = POmOr 


= 173.21 mm as indicated in Fig. a. The centroid of segment 


y EXL _ 400-100)+ 4000) __<0 mm 
EL 400+ 400 


y= = 86.60 mm = 86.6 mm 


Geometry: When the bent wire hangs freely from Aline AG will be vertical as shown in Fig. b. From the geometry of this figure, we have 


y 9 =10.89 


tan O = —————— 
400sin 60? — 86.60 


Thus, the angle ( that segment AB makes with the vertical is 
$ = 30” - 10.89” = 19.1* 
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9-50. Each of the three members of the frame has a mass 
per unit length of 6 kg/m. Locate the position (x, y) of the 
center of mass. Neglect the size of the pins at the joints and 
the thickness of the members. Also, calculate the reactions 
at the pin A and roller E. 


Centroid : The length of cach segment and its respective centroid are tabulated 
below. 


Segment L(m) xX(m) y(m) XL(m?) yL(m!) 
1 8 4 13 32.0 104.0 
2 7.211 2 10 14,42 72.11 
3 13 0 6.5 0 84.5 


2 28.211 46.42 260.61 


- EyL 
ju BL 


EL 


Equations of Equilibrium : The total weight of the frame is 
W = 28.211(6)(9.81) = 1660.51 N. 


+EM, =0;  E(8)-1660.51(1.646) =0 
E =341.55N = 342N 


28201010981) 
1660.51 N 


XK =/ bbbm 


+TER =0; A, +341.55-1660.51 =0 
A, = 1318.95 N = 1.32 kN 


SER =0; A, =0 
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9-51. Locate the centroid (x, y) of the cross-sectional area 
of the channel. 


Centroid: The centroid of each composite segment is shown in Fig. a. 


O5(2A(1))+ 5IAD) +59) _ 11 _ ógin. 
24(1)+%D)+ X1) a 


=12in. 
24(1)+ XD + 91) 42 
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*9-52. Locate the centroid y of the cross-sectional area of 
the concrete beam. 


Centroid: The centroid of each composite segment is shown in Fig. a. 


S _BHA_ 3(12X6)+ 19.5(27X 6) + 34.243) a 
3=>4 12(6)+ ZX6)+24(3) a 
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9-53. Locate the centroid y of the cross-sectional area of 
the built-up beam. 


3 in. 1 3 in] 


lin. lin. 


Centroid: The centroid of each composite segment is shown in Fig. a. 


- _ EJA _ 3[2(6X1)] + 5. 6XD+ A6X1) _ 


y = uo 


ZA 26X1)+ AD) + 6(1) 


5.125 in 
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9-54. Locate the centroid y of the channels cross- 
sectional area. 


Centroid : The area of each segment and its respective centroid are tabulated 
below. 


Segment A(in?) y(in.) yA (in?) 
1 6(4) 3 72.0 
2 12(2) 1 


$ 48.0 


9-55. Locate the distance y to the centroid of the 


member's cross-sectional area. . , 
0.5 in.[0.5 in. 


EJA = 0.5(6X1) + 20.9(3)a.90.5 + 4,750.90) 


= 44,25 in' 
ZA a 1) + a(Jesa.» + 7.51) 


= 17.25 in? 


44.25 


«53 "+" Ana 
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*09-56. Locate the centroid y of the cross-sectional area of 
the built-up beam. 


Centroid: The centroid of each composite segment is shown in Fig. a. 


¡- 2. 573(11.5X1.5)+ 12.25(8X1.5)+ 11.233.5X 1.5) + 11.233.5X1.5) 


11.5(1.5)+ 8(1.5)+ 3.X1.5)+ 3.3.1.5) 
Uk Ans. 
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.9-57. The gravity wall is made of concrete. Determine the 
location (x, y) of the center of mass G for the wall. 


EFA = 1.8(3.6X0.4) + 2.1(3X3) - 34(5)oxos > 12(3Ja.no 
= 15.192 m' 
EJA = 0.23.6X0.4) + 1.9313) - 143Jox0s - 24(5)uno 


= 9.648 m' 


LA = 3.604) + 43) - 3009) = ano) 
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9-58. Locate the centroid x of the composite area. 


Centroid: The centroid of each composite segment is shown in Figs. a and b. Since segment (2) is a hole, its area should be considered 
negative. 
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9-59. Locate the centroid (x, y) of the composite area. 


Centroid: The centroid of each composite segment is shown in Figs. a and b.since segment (4) is a 
hole, its area should be considered negative. 
439_ 262) 


3 4 
Xx 


2 
33)+ ¿00+ no |- -. ) 


1 43) 
1.5(33))+ 300)» 2X1(6)) +(s - 
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*0-60. Locate the centroid (x, y) of the composite area. 


Centroid: The centroid of each composite segment is shown in Figs. a and b. Since segment (4) is a hole, ¡ts area should be considered 


negative. 
(2) 
) +d- 7 
(1.52) 


| 
AD A ADD) A 
3 ts 


mí(1.5?) 
2 


+20)+010)+ S 
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e9-61. Divide the plate into parts, and using the grid for 
measurement, determine approximately the location (x, y) 200 mm-— 
of the centroid of the plate. 


Divide half the area into 8 segments as shown. 


A (Approx. 10') F(Approx. 10?) yA (10%) 


1 
¿(0 


> EÑA 441.2 
00) ja A, 4200 


A o A 


1516) A simpler solution consists of dividing the area into two parabolas. 
2 For parabola : 


z3a = ¿120015 )t2s00x1200) - ¿ce00/(< )uz00xe00) 


LA = 3280011200) 5 3(1200x800) 
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9-62. To determine the location of the center of gravity of 
the automobile it is first placed in a level position, with the 
two wheels on one side resting on the scale platform P. In 
this position the scale records a reading of W;. Then, one 
side is elevated to a convenient height c as shown. The new 
reading on the scale is W,. If the automobile has a total 
weight of W, determine the location of its center of gravity 


G(x, y). 


Equation of Equilibrium: First, we will consider the case in which the automobile ¡is in a level position. Referring to the 
free- body diagram in Fig. a and writing the moment equation of equilibrium abouP point A, 


(+EM, =0 Wi (b)-W(Z) = 0 


La 7) 


From the geometry in Fig. c, sin 9 = ” and cos6 = ; es Using the result of X and referring to the free - body diagram in 


Fig. b, we can write the moment equation of equilibrium about point A”. 


(+EM 4 =0, w t— mes Tio) <)7=0 
1) b W 
DW» Wi lb? - 2 
cW 


b 


ya 
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9-63. Locate the centroid y of the cross-sectional area of 
the built-up beam. 


Centroid: The centroid of each composite segment is shown in Fig. a. 


- _ BJA _ 2[223450X20)] + 350(200X 20) + 460(300X 20) 
IEA 2450120) + 200 20) + 300(20) 
= 293mm 
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*9-64. Locate the centroid y of the cross-sectional area of 
the built-up beam. 


Centroid: The centroid of each composite segment is shown in Fig. a. 


EyA _ 225(450X40)+ 2400(200X10)] + 510(400X20) 


zA 45040) + 2(200X10)+ 40020) 
324 mm 
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e9-65. The composite plate is made from both steel (4) 
and brass (B) segments. Determine the mass and location 
(x, y, 7) of its mass center G. Take py = 7.85 Mg/m? and 
Ph = 8.74 Mg/m?. 


La = 1pV = [8.74(5c0. 15x0.225x0.05))] + [r.as(¿0.190229x0.05))] 
+ [7.85(0.15)(0.225X0.03)] 
= [4.4246(10)] + [3.9741(10?)] + [7.9481(10?)] 
= 16.347(10*) = 16.4 kg Ans 


Lón = (o. 150 + 500.150))(4.0240.(10) + (0.150 + 30.150))6:9741(10*) 


+ IO1900.9480 (109) = ¿49r1(10”)kg> m 


zan = (30.29))4:0(10)+ ¿025)o.9mgo)+ (28) m(10”) 


= 1.8221(10”)kg. m 


Exm _ 2.4971(10>) 


m 1632100) =0.159m = 153mm  Ans 


Due to symmetry : 


y =-1lóímm Ans 


- _ Eóm _ 1.8221(10”) 
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9-66. The car rests on four scales and in this position the 
scale readings of both the front and rear tires are shown by 
F, and Fz. When the rear wheels are elevated to a height of 
3 ft above the front scales, the new readings of the front 
wheels are also recorded. Use this data to compute the 
location x and y to the center of gravity G of the car. The 
tires each have a diameter of 1.98 ft. 


9.40 ft 


F,1 = 1129 lb + 1168 lb = 2297 lb 
Fz = 975 lb + 984 lb = 1959 lb 


FA = 1269 lb + 1307 lb = 2576 lb 


la horizontal position 

W = 1959 + 2297 x= 4256 lb 

(Em =0 2297(9.40) - 4256x = 0 
x =5.0733= 5.07  Ans 


1 (3 - 0.990 


E 


) = 12.347 


(2 = 0;  2576(9.40 cos 12.347") - 4256 cos 12.347"(5.0733) 


—4256 sin 12.347" y" =0 
y" = 2.8%h 


Y = 2.815 + 0.990 = 3.8fR  Ans 
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9-67. Uniform blocks having a length L and mass m are 
stacked one on top of the other, with each block overhanging 
the other by a distance d, as shown. If the blocks are glued 
together, so that they will not topple over, determine the 
location Y of the center of mass of a pile of n blocks. 


L+(n- Dd 


A er 


874 


9 Solutions 44918 1/28/09 2:34 PM Page 875 = 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*9-68. Uniform blocks having a length L and mass m are 
stacked one on top of the other, with each block 
overhanging the other by a distance d, as shown. Show that 
the maximum number of blocks which can be stacked in 
this manner is n < L/d. 
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e9-69. Locate the center of gravity (x, z) of the sheet- 
metal bracket if the material is homogeneous and has a 
constant thickness. If the bracket is resting on the horizontal 
x—y plane shown, determine the maximum angle of tilt 9 
which it can have before it falls over, i.e., begins to rotate 
about the y axis. 


10 mm dia. holes 


Centroid : The area of each segment and its respective centroid are tabulated 
below. 


Segment A(mm?) X(mm) ¿(mm) XA(mm!) ZA(mm!') 
1 120(80) 0 40 0 384 000 
2 120(60) 30 216000 0 


0 
SE c10*)] 0 60 -9424.78 
20 


1; (10»)] -3141.59 


16 485,84 371 433.63 


A 13.1 A 
—— = = 

5 A . 
EZA 371 433.63 


— = —_—_—_—_— 
ZA — 16485.84 


í= = 22.52 mm = 22.5 mm Ans 


Equilibrium : In order for the bracket not to rotate about y axis, the weight 
of the bracket must coincide with the reaction. From the FBD, 


O= an = 30.2* Ans 


XF/3-/Omm 
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9-70. Locate the center of mass for the compressor 
assembly. The locations of the centers of mass of the various 
components and their masses are indicated and tabulated in 
the figure. What are the vertical reactions at blocks A and B 
needed to support the platform? el 


Sl 


2.30 m---2.42 m -. 
119m 
O) Instrument panel 
O) Filter system 
O Piping assembly 
O) Liquid storage 
O Structural framework 468 kg 


Centroid : The mass of each component of the compressor and its respective 
centroid are tabulated below. 


Component m(kg) Y :m(kg-m) ym(kg-m) > 
230 1 y 414.00 276.00 E 
183 A . 1081.53 883.89 ¡ 


120 878 3. 1053.60 391.20 quan 
85 230 3. 195.50 31280 
468 472 3.15 220896 1474.20 


1086 4953.59 3338.09 


a Lim a 4953.59 456 
En 1086 = 1m=4.56 m 


Zym _ 3338.09 
SE 


Equations of Equilibrium : 


+EM, =0; — B,(10.42)-1086(9.81)(4.561) =0 
B, = 4663.60 N = 4.66 kN Ans 


+TEF =0; A, +4663.60- 1086(9.81) =0 
A, = 5990.06 N = 5.99 kN 
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9-71. Major floor loadings in a shop are caused by the 
weights of the objects shown. Each force acts through its 
respective center of gravity G. Locate the center of gravity 
(x, y) of all these components. 1500 lb 


IS 


Centroid : The floor loadings on the floor and its respective centroid are 
tabulated below. 


Loading W(Ib) xX(ft) y(ft) XW(lb-ft) yW(lb-(t) 
450 6 y) 2700 3150 
1500 18 16 27000 
600 26 3 15600 1800 
280 30 8 8400 


2830 53700 


LW 
o” 18.98 ft = 19.0 ft 


EJW 311 
sl ML ima 110R 


2= Tw "2830 
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*9-72. Locate the center of mass (x,y,z) of the 
homogeneous block assembly. 


Centroid: Since the block is made of a homogeneous material, the center of mass of the block coincides with the centroid of its 
volume. The centroid of each composite segment is shown in Fig. a. 


1 
(15X150 X150X 350) + (225X150X 150X 200) +(200] 5 [(150X 150X100) _ 2.165625(10?) _ 120 mm 


(150X150X550) + (150X150X 200) + <(15OX150X 100) 18106) 


(275X150 X150X 550) + (450X150X 150X 200) + (50 5 150 150X100) 


9 
- 34843710 ) - 305 mm 


(150X150X 550) + (150X150X200) + <SOX1SOX 100) 18(10%) 


(75X 150X150X 550) +(75X 150x500) +(50] 5 JasoxisoxI00) 1321875(109) 
— a 73.4 mm 


(150X 150X550) + (150X 150X200)+=(150X 150X100) 18(10%) 
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9-73. Locate the center of mass z of the assembly. The 
hemisphere and the cone are made from materials having 
densities of 8 Mg/m' and 4 Mg/m', respectively. 


Centroid: The center of mass of each composite segment is shown in Fig. a. 


40000. ms] 3x0.2x03)|+ 0.1- Zn] hno )] 


1 2 2 3 
2000 (0. xo3)|+ 8000 SO. )| 


LLE e 01107m=111 mm Ans. 
9.3333 
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9-74. Locate the center of mass z of the assembly. The 
cylinder and the cone are made from materials having 
densities of 5 Mg/m' and 9 Mg/m, respectively. 


Center of mass: The assembly is broken into two composite segments, as shown in Figs. a and b. 


5000(0.4 =(022x08)|+ 9000 0.8+ 015) 3x0.42x00)| 


sooo|=(0.2” xo) pa 9000 (04? xo) 


60 = 0.754 m=754 mm 
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9-75. Locate the center of gravity (x,y,z) of the 
homogeneous block assembly having a hemispherical hole. 


Centroid: Since the block is made of a homogeneous material, the center of mass of the block coincides with the centroid of its volume. 
The centroid of each composite segment is shown in Figs. a and b. Since segment (3) is a hole, its volume should be considered negative. 


NANO + OA) + 210?) 
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*9-76. Locate the center of gravity (x,y,z) of the 
assembly. The triangular and the rectangular blocks are 
made from materials having specific weights of 0.25 lb/in? 
and 0.1 Ib/in?, respectively. 


Center of Gravity: The center of gravity for each composite segment is shown in Figs.a and b. 
Since segment (3) is a hole, its weight should be considered negative. 


(2.25X0.1X314.5X6)+ 0.2X 15| 61450] + 223-0 (Guo >) 20.2850 


(ONIS +025| 3545 »)e[-0.(3x0)] ds 


A0.1X34.5X6)+ 02505) ¿6149 ) + 33-01 ¿ni 3)] 


(0.1(34.5X6)+ 02464 »]+ 0.1 Zur ) 


A OS 20-00] 
2 8 3 _ 183502 _ 


JR 19% in 
(o. ISKA6)+023 301490] +[-0G=a>)] ¡dni 
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e9-77. Determine the distance x to the centroid of the 
solid which consists of a cylinder with a hole of length 
h = 50 mm bored into its base. 


LV = (40) (120) - (20) (50) = 172(10?) e mm? 


ExV = 60(1)(40)* (120) - 25(2)(20)* (50) = 11.02 (10%) x ram* 


- EÑV_11.02(10%x 


A Ans 
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9-78. Determine the distance h to which a hole must be 
bored into the cylinder so that the center of mass of the 
assembly is located at x = 64mm. The material has a 
density of 8 Mg/m'. 


EV a mrid- nrih 
EV = Zn ri)d- Soo) 
a 
O) - Lor) 
rrid - rrih 


2x (rid) - 2x(rih) = dr - ir? 


2 
Rao a 0(2) =0 
ri 


Set x=64mm, ri=40mm, ri =20mm,  d=120mm 
h? — 128h + 3840 = 0 
Solving, 


h=80mm  Ans or 
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9-79. The assembly is made from a steel hemisphere, 


Ps = 7.80 Mg/m?, and an aluminum cylinder, 


Par = 2.70 Mg/m'. Determine the mass center of the 
assembly if the height of the cylinder is h = 200 mm. 


L¿m = [0.160 - ¿(0.160)](5)(0.160)'(7.80) + (0.160 + 22) 7 (0.2X0.08y'(2.70) 
= 9.51425(107?) Mg: m 


Em = (%)x(0.160)'(7.80) + x= (0.2X0.08)'(2.70) 
= 77.7706(10"?) Mg 


Lím _ 9.51425(10?) 
a 


pu e . 1 
ía AO a 22 mm 
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*9-80. The assembly is made from a steel hemisphere, 
Ps = 7.80 Mg/mó, and an aluminum cylinder, 
Par = 2.70 Mg/m'. Determine the height h of the cylinder 
so that the mass center of the assembly is located at 
z = 160 mm. 


L¿m = [0.160 - ¿(0.160)](5)x(0.160)'(7.80) + (0.160 + $)» (4X0.08)'(2.70) 
= 6.691(107?) + 8,686(107*) h + 27.143(107?) h? 


Im = (5)x(0.160)(7.80) + » (4)0.08)*(2.79) 
= 66.91(10”?) + $4.29(10?) h 


[0.16 -¿0.16)m 


 5.691(107?) + 8.686(10-?) h + 27.143(10?) 4? _ 0.160 
66.91(10-3) + 54.29(10-3) h Y 


h = 0.385 m = 385 mm 
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.9-81. The elevated water storage tank has a conical top 
and hemispherical bottom and is fabricated using thin steel 
plate. Determine how many square feet of plate is needed 
to fabricate the tank. 


Surface Area: The perpendicular distance measured from the z axis to the centroid of each line 


segment is indicated in Fig. a. 


A=2MBL= 2 4d ) A a] 


TE 


= 21(184)= 1156ft? 
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9-82. The elevated water storage tank has a conical top 
and hemispherical bottom and is fabricated using thin steel 
plate. Determine the volume within the tank. 


Volume: The perpendicular distance measured from the z axis to the centroid of each area segment 
is indicated in Fig. a. 


V = 27IFA = 2 (3[5Joco» «on (| E 3] 


3 4 


= 271(554.67)= 34851t3 
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9-83. Determine the volume of the solid formed by 
revolving the shaded area about the x axis using the second 
theorem of Pappus—Guldinus. The area and centroid y of the 
shaded area should first be obtained by using integration. 


Area and Centroid: The differential element parallel to the xaxis is shown shaded in Fig. a. The area 
of this element is given by 


Volame: Applying the second theorem of Pappus - Guldinus and using the results obtained above, 


V = 217A = 2x(1.5X10.67) =1011t? 
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*9-84, Determine the surface area from A to B of the tank. 


Surface Area: The perpendicular distance to the centroid of each of three line segments. 


A=2L= 2 (2) ma +2d1.5? +22 | 


=88.0m? 


e9-85. Determine the volume within the thin-walled tank 
from A to B. 


Volume: The perpendicular distance measured to the centroid of each of three area segments. 


aia A a) 


=77.0m3 
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9-86. Determine the surface area of the roof of the 
structure if it is formed by rotating the parabola about the 


y axis. 7 
Jj 
El 


lA 


y = 16 — (12/16) 


Mi! 8 
Anel 


16 m ——— 


Centroid : The length of the differential element is dl = y dx? + dy? 
y 
-[ 1+(2) A and is cenvoid is ¿= x. Here, Y = E, Esvaluacng e 


integrals, we have 


1= fa | 


16m y 
),¿4.=| )1+3 lác=217.181 
L 0 64 


Applying Eq. 9-$ , we have 


16m 


x2 
l+— = 23, 
+tgja 23.663 m 


- 5, FdL 217.181 
x= == ——. 2%, 
Tal 3.063 9.178 m 


Surface Area : Applying the theorem of Pappus and Guldinus, Eq.9-7, wih 
0 =2x, L = 23.663 m, 7=%=9.178, we have 


A = OL = 2:(9.178) (23.663) = 1365 m* 
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9-87. Determine the surface area of the solid formed by 
revolving the shaded area 360% about the z axis. 


Surface Area: The perpendicular distance measured from the z axis to the centroid of each line 
segment is indicated in Fig. a. 


A= 2mETL = 271 [2(6)+ 1.625(0.75)+ 1.625(0.75)+ 1.25(3)+ 1.25(2)+ 1(0.5)+ 1(0.5)+0.75(1)] 
= 211(22.4375)= 44.875x:in? = 141in? Ans. 
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*9-88. Determine the volume of the solid formed by 
revolving the shaded area 360” about the z axis. 


Volume: The perpendicular distance measured from the z axis to the centroid of each line 
segment is indicated in Fig. a. 


V =273FA = 21 [1.625(6(0.75)+ 11)(0.5)] = 27 (7.8125) = 49.1in? 


.9-89. Determine the volume of the solid formed by 
revolving the shaded area 360” about the z axis. 


Volume: The perpendicular distance measured to the centroid of each of two area segments. 


V =21EFA = 27 [(112.5(75375)+(187.5X325X75)] 
= 0.0486 m3 
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9-90. Determine the surface area and volume of the solid 
formed by revolving the shaded area 360” about the z axis. 


Surface Area: The perpendicular distance measured from the z axis to the centroid of each line 
segment is indicated in Fig. a. 


A =203FL = 28 05/ d 4 Peas de > 732 ho) 


= 271(18.4958) =116 in? 


Volume: The perpendicular distance measured from the z axis to the centroid of each area segment 
is indicated in Fig. a. 


= Ñ l ADD 
V = 25374 2 061/00 )+ 3. > ] : ] 


= 21(8.0457)= 50.6 in? 
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9-91. Determine the surface area and volume of the solid 
formed by revolving the shaded area 360? about the z axis. 


Surface Area: The perpendicular distance measured from the x axis to the centroid of each of four line 
segments.. 


A= 20] 15oj[a0o? +(50)? + 150k 300)? +(50)? +75(700)+ A100X so) 
= 1.06m? Ans. 


Volume: The perpendicular distance measured from the x axis to the centroid of each of two area segments. 


V= 2e|(OON OSO) + 14166 ¿cro0xo] 


75 mm 
= 0.0376 m3 


*9-92. The process tank is used to store liquids during 
manufacturing. Estimate both the volume of the tank and 
its surface area. The tank has a flat top and a thin wall. 


V= 1IO7A = 29 1(¿Joxo + Ls0x0)]= 207 m* Ane 


A = ZO7L = 2[1.5(5) + 3(6) + 1.5(3)] = 188m? Ane 
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.9-93. The hopper is filled to its top with coal. Estimate 
the volume of coal if the voids (air space) are 35 percent of 
the volume of the hopper. 


Volume : The volume of the hopper can be obtained by applying the theorem of 
Pappus and Guldinus, Eq. 9-1$ with 0=2x, 7, =0.75 m, F, =0.6333 m, 


1 
F, =0.1 m, A, = 1.5(4) =6.00m", A, = 3092 =0.780 m* and 


A, = (0.2) (1.2) = 0.240 m*. 


Y, = OEA = 2x:[0.75(6.00) +0.6333(0.780) +0.1(0.240)] 
= 10.036x m' 


The volume of the coal is 


V, =0.65V, =0.65(10.036:) = 20.5 m' 


9-94. The thin-wall tank is fabricated from a hemisphere 
and cylindrical shell. Determine the vertical reactions that 
each of the four symmetrically placed legs exerts on the 
floor if the tank contains water which is 12 ft deep in 
the tank. The specific gravity of water is 62.4 Ib/ft'. Neglect 
the weight of the tank. 


Volume : The volume of the waser can be obtained by applying the : 
theorem of Pappus and Guldinus, Eq. 9- 10, with 0=2x, 7, =4f,R 


l : 1 
=3.395 ML A, =8(4) = 32.01% and A, =x(8”) = 50.27 e. 
Y = OEFA = 2:e[4(32.0) +3.395(50.27)] = 1876.58 f0 
The weight of the walter is 
W = y, V = 62.4(1876.58) = 117098.47 Ib 


Thus, the reaction of each leg on the floor is 


po O 297746210 =293 lp 
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9-95. Determine the approximate amount of paint needed 
to cover the outside surface of the open tank. Assume that a 
gallon of paint covers 400 ft. 


Surface Area: Applying the theorem of Pappus and Guldinus, Eq.9-9 , 


with 9=2x, L, 101 orto 7, =8andñ = 20, we have 


A= 027 =25 810) +H(6m)]= 288% re 


The required amount paint e =226 gallon 


*9-96. Determine the surface area of the tank, which 
consists of a cylinder and hemispherical cap. 


A=lOTLe 25 | (4x6) A Eer «»)] 


= 302m?  Ans 
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.*9-97. Determine the volume of the thin-wall tank, which 
consists of a cylinder and hemispherical cap. 


V=XO7A = 25 Erie) + exa] 


= 536m' Ans 
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9-98. The water tank AB has a hemispherical top and is 
fabricated from thin steel plate. Determine the volume 


within the tank. 


Volume: The perpendicular distance measured from the z axis to the centroid of each area segment 


is indicated in Fig. a. 


2 
V = 271FA = 2% (nfs ) +0.8(1.61(1.5)+ 0566 3 Jua.o+ 0.1(0.2X1.6) 


= 274.064) = 25.5 m* 
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9-99. The water tank AB has a hemispherical roof and is 
fabricated from thin steel plate. If a liter of paint can cover 
3 m? of the tank's surface, determine how many liters are 
required to coat the surface of the tank from A to B. 


Surface Area: The perpendicular distance measured from the z axis to the centroid of each line 
segment is indicated in Fig. a. 


A =2n3L= 2 [2:0] 49] +1.(1.5)+ od +16? ] 


= 211(6.8734) = 43.18 m” 


Thus, the amount of paint required is 


Number of liters = 22 = 144 litees 


9 Solutions 44918 1/28/09 2:35 PM Page 902 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*9-100. Determine the surface area and volume of the 
wheel formed by revolving the cross-sectional area 360? 
about the z axis. 


Surface Area: The perpendicular distance measured from the z axis to the centroid of each line 
segment is indicated in Fig. a. 


A =2YL= ES yaa +0x0+ a2)+(6+ Ea E) 


= 2711(83.0575)= 522 in? 


Volume: The perpendicular distance measured from the z axis to the centroid of each area segment 
is indicated in Fig. a. 


2 
V = 2nIFA = a [2-2] Jeams(s a a] 
37 7 A 2 


= 271(41.9307)= 263 in? 


| (6+ 1042)] 5, 
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e9-101. Determine the outside surface area of the ¡6 ft, 
storage tank. 


Surface Area : Applying the theorem of Pappus and Guldinus, E99-7, 
wih0=2x, L, =/15+8 =/241 8, L,=308,7 =7.5ftand7, =158, 


we have 


A = O27L =25[1.5( /241) + 15(30)]=3.56(10”) fé — Ans 


9-102. Determine the volume of the thin-wall storage tank. (8 tt 


Volume : Applying the theorem of Pappus and Guldinus, Eq. 9- 10 with 
1 
0=2m 7, =5f, 7 =7.SfA, = ¿(19(4) =30.016 and Az =30(15) 


= 450 fé, we have 


V = GEA =2x[5(30.0) +7.5(450)] =22.1(10) f' — Ans 
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9-103. Determine the height A to which liquid should be 
poured into the conical paper cup so that it contacts half the 
surface area on the inside of the cup. 


Surface Area : This problem requires that 5% = Az. Applying the theorem of 
Pappus and Guldinus, Eq.9-7, with 0=2x, L, = /502+1502 = 158.11 mm, 


AY y10 
L, = m+(5) LO, <25mmandr, = E, metro L,=158-11mm 


1 
¿(0% Ly) =0%,L, 


1 'h y10 
¿12x(25) (158.11)] = ada) 


h= 106 mm 


*9-104. The tank is used to store a liquid having a specific 
weight of 80 Ib/ft”. If it is filled to the top, determine the 
magnitude of the force the liquid exerts on each of its two 
sides ABDC and BDFE. 


Fluid Pressure : The fluid pressure at points Band E can be determined using 
Eg. 9- Y p= 12 


Pa =80(4) = 320 10/17 — pg=80(12) =960 Ib/fÚ 


Thus, 
wa =320(12) = 3840 Ib/ft  w¿=960(12) = 11520 1b/ft 


Resultant Forces : The resultant force acts on suface ABCD is 
R,= 703840) ( /52) = 13 845.31 lb = 13.8 kip 
and acts on surface BDFE is 


F,= ¿0u0+ 11520) (8) = 61 440 lb = 61.4 kip We = (1520 1b/p 
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e9-105. The concrete “gravity” dam is held in place by its 
own weight. If the density of concrete is p. = 2.5 Mg/m', 
and water has a density of p, = 1.0 Mg/m', determine the 
smallest dimension d that will prevent the dam from 
overturning about its end A. 


Consider a 1 —m width of dam. 


w= 1000(9.81)(6)(1) = 58 860 N/m 


Fa Jos 860X6)  = 176580 N 


F=I76560N 


Wa ¿MONAIN.81) = 73575dN 


(EM, =0: 1765800) + 73 s15a (3a) 0 


d=268m  Ans 
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9-106. The symmetric concrete “gravity” dam is held in 
place by its own weight. If the density of concrete is 
p.=2.5Mg/mó, and water has a density of 
P, = 1.0 Mg/m', determine the smallest distance d at its 
base that will prevent the dam from overturning about its 
end A. The dam has a width of 8 m. 


w= bp. gh = 8(1000X9.81X9) =706.32( 10”) Nim 
Fa = 3(706.32(10*)](9) = 3178.44(10)' N 
F, = 1000(9.81X( $) (£j2)(9X8) = (176. 58d 264.87)(10*) 
W=2.5(10”) (9.81)[$(d+1.5)(9X8)] = (882.9d+ 1324,35)(10*) 
x =d-y(Ep2) = 34+0.25 
»n=j 

Em, =0;  (176.58d-264.87)(10') (¿d+0.25) 


$588.6d? +485.595d-9601.54=0 


+(882.9d+ 1324,35)(10*) (Í) -3178.44(10*) (3) =0 
d=3.65m 


F,= (176-584 264.870”) 


wW=(882-9d HI 
1] 


y 
F=3178-44C103N | 
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9-107. The tank is used to store a liquid having a specific 
weight of 60lb/ftó. If the tank is full, determine the 
magnitude of the hydrostatic force on plates CDEF and 
ABDC. 


Loading: Since walls CDEF and ABDC have a constant width, the loading due to the fluid pressure on the walls can be 
represented by a two dimensional distributed loading. The intensity of the distributed load at pointsF, C, and A are given 
by 

wWF =Y%h pb = 600X5) = 0 

wc =Mcb = 6025) = 600 1b / ft 

Wa =MAb = 604X5)= 1200 1b/ft 


Resultant Force: The distributed loading acting on walls CDEF and ABDC ¡is shown in Fig. a. Thus, the magnitudgof the 
hydrostatic force on these two walls are 


FcDEF = (60025) =7501b 


Fagoc = (600 + 120012)= 1800 1b 
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*9-108. The circular steel plate A is used to seal the 
opening on the water storage tank. Determine the 
magnitude of the resultant hydrostatic force that acts on it. 
The density of water is p,, = 1 Mg/m?. 


Loading: By referring to the geometry of Fig. a, the depth h expressed in terms of y is 


h= e A 1- y |sin45* = 2.7071 -—0.7071y 
00s 45? 


Thus, the water pressure at the depth h is 


p=pgh= A 0.7070) _ (26.5567- 6.9367y) kN / m? 


The differential force dFp acting on the differential area dA shown shaded in Fig. ais 


dFr = pdA = p(2x) dy = 0655616936792) - y? Jo 


(simi -13.8734yy 1 - y? Ja 


Resultant Force: Integrating dFp from y =-—1 mto y=1m, 


lm 
| ar = | (5130 fi? 133734) e 


—-1m 


m 
= 26550» y + sir y)2a | 


lm 


= 83.4kN 
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.9-109. The elliptical steel plate B is used to seal the 
opening on the water storage tank. Determine the 
magnitude of the resultant hydrostatic force that acts on it. 
The density of water is p,, = 1 Mg/m?. 


Loading: By referring to the geometry of Fig. a, the depth k expressed in terms of y is 


h -( = +I- yJsinas* =2.7071-0.7071y 


Thus, the water pressure at the depth h is 
papada A a 07071) - (26.5567- 6.9367y) KN / m? 


The differential force dFp acting on the differential area dA shown shaded in Fig. a is 
dFg = pdA = pl2x) dy =(26.5567 -6s00r) 4 os me Jj 


-(265somh- y? -6.9367y H - y? Ja 


Resultant Force: Integrating dE from y =-1mtoy=1m, 


lm 
r=) ay =| (265567 1-y? od Ja 


-1m 


m 
=|[192784 y 1- y? + E | 


lm 


= 41.7kN 
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9-110. Determine the magnitude of the hydrostatic force 
acting on the glass window if it is circular, A. The specific 
weight of seawater is y, = 63.6 lb/ft”. 


Loading: By referring to the geometry of Fig. a, the depth h expressed in terms of y is 
h=4+0,5 -— y = (4.5- y) ft 


Thus, the water pressure at the depth h is 
p=Y wh=63.6(4.5- y) 6/1? 


Resultant Force: The differential force ¿Fr acting on the differential area dA shown shaded in Fig. a is 


dFp = pdA = p(2x) dy = 63.64.5- y[ado2s- y Ja 
=( sriozs- $e 1272y )0.25- y Jo 


Integrating dFp from y = 0.5 ft to y = 0.5 ft, 


OS ft 
FR =/ dFr =| (srafozs->? -1272yd025- y? Ja 
0.5 ft 


0.5 ft 


-[2864 ylo25- y? +0.25sin”! y) +42.4N.025- yy? | 


= 248 W=25 lb 


—0.5 ft 


E 4 12025 
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9-111. Determine the magnitude and location of the 
resultant hydrostatic force acting on the glass window if it is 
elliptical, B. The specific weight of seawater is 
Y = 63.6 lb/ft. 


Loading: By referring to the geometry of Fig. a, the depth k expressed in terms of y is 
h=4+0.5-y=(4.5- y) ft 

Thus, the water pressure at the depth h is 
p=7Y wh=63.6(4.5- y) 1b/1? 


Resultant Force: The differential force 4Fr acting on the area dA shown shaded in Fig. ais 


dFR = pdA = p(2x) dy - 63545-p] 4 25 =y? Jjo 
=(11019f025- e 254.4yh0.25- y ] > 


Integrating dFr from y = 0.5 ft to y = 0.5 ft, 


OS ft 
Fr =| dFr =/ (11449 fo2s-? -2544yHo.25- y? Ja 
4.5 ft 


0.5 ft 


-[srd| yib.25 y? +0.25sin”" 2) 848 o25- y?) | 


= 449.56 lb =450 lb 


—0.5 ft 


% 
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*9-112. Determine the magnitude of the hydrostatic force 
acting per foot of length on the seawall. y,, = 62.4 lb/ft'. 


An [de f, de = [24 de = zo, 5.333 fé 


w = byh = 1(62.4(8) = 499.2 1b/ft 


F, = 5.333(1)(62.4) = 332.8 lb 
F. = 3(499.2X8) = 1997 b 


Fa = /(332.8P + (1997 = 2024 Ib = 2.02 kip Ans 
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e9-113. If segment AB of gate ABC is long enough, the 
gate will be on the verge of opening. Determine the length 
L of this segment in order for this to occur. The gate is 
hinged at B and has a width of 1 m. The density of water is 
Pw = 1Mg/m. 


Loading: Since the gate has a constant width, the hydrostatic loading on the gate can be represented by a two dimensional 
distributed loading. The intensity of the distributed loading at points B and Care 

wWB = Pwghgb= 1009.81 4X1)= 39 240 N =39.24 kN 

WC = Pwehcb= 1000 9.8161) = 58 860 N = 58.86 kN 


Free - Body Diagram: The distributed loading acting on the gate is shown in Fig. a. This loading is replaced by its resultant 
force on the free - body diagram of the gate, Fig. b. 


Equations of Equilibrium: Writing the moment equation of equilibrium about point B, 


(pm B=0; Nc(2)+ 39.24(2X1)- 39:24(2X1)- 7 (58.86- 9200/3)0 =0 


Nc = 13.08kN =13.1 kN 


ZBB6 37H A) Kn 


W¿=58.86 KA/m 
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9-114. If L =2 m, determine the force the gate ABC exerts 
on the smooth stopper at C. The gate is hinged at B, free at 
A, andiis 1 m wide. The density of waters p, = 1 Mg/m'. 


Loading: Since the gate has a constant width, the hydrostatic loading on the gate can be represented by a two dimensional 
distributed loading. The intensity of the distributed loading at points B and Care 

WB = P w8hgb= 1000 9.81(4)1(1)= 39 240 N =39.24 kN 

Wc =P wghcb= 1000 9.81(61(4+2)= 58 860 N = 58.86 kN 


Free - Body Diagram: The distributed loading acting on the gate is shown in Fig. a. This loading is replaced by its resultant 
force on the free - body diagram of the gate, Fig. b. 


Equations of Equilibrium: Since the gate is on the verge of opening, Nc = 0 Writing the moment equation of equilibrium 
about point B, 
(+2mM B=0; 39.24(L (2) - 3924021) (58.86- 39.24X 2l Ja =0 
L=2.31m 


lg =39.24 Kn [m 


N= 58:86 KN/m 2 (68-86-3742) kn 
(b) 
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9-115. Determine the mass of the counterweight A if the 
1-m-wide gate is on the verge of opening when the water is 
at the level shown. The gate is hinged at B and held by the 
smooth stop at C. The density of water is p,, = 1 Mg/m?. 


Loading: Since the gate has a constant width, the hydrostatic loading on the gate can be represented by a two dimensional 
distributed loading. The intensity of the distributed loading at points B and Care 


wp = P w8ghg b= 1000(9.81(2X1) =19620N /m=19.62kN / m 
wc =P wghcb= 10009.81(2+ 2sin45*X1)= 33493.44 N/m= 33.49kN / m 


Free - Body Diagram: The distributed loading acting on the gate is shown in Fig. a. This distributed loading is replaced by 
its resultant force on the free - body diagram of the gate, Fig. b. 


Equations of Equilibrium: Since the gate is on the verge of opening, Nc = 0. Writing the moment equation of equilibrium 
about point B, 


mal981X1) _ 


0 
1000 


(mM B=0; 19.642 XD) + z 33.49- 19.62 30 = 


m A = 5885.62 kg =5.89 Mg 


Ma(9:81) 
19.62 (2) KN ME 
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*9-116. If the mass of the counterweight at A is 6500 kg, 
determine the force the gate exerts on the smooth stop at C. 
The gate is hinged at B and is 1-m wide. The density of 
wateris p, = 1 Mg/m'. 


Loading: Since the gate has a constant width, the hydrostatic loading on the gate can be represented by a two dimensional 
distributed loading. The intensity of the distributed loading at points B and Care 


Wp =P w8ghg b= 1000 9.81X2X1) =19620N /m=19.62kN / m 
WC =P wghcb= 10009.81X2+ 2sin45”X1)=33493.44 N /m= 33.49 kN / m 


Free - Body Diagram: The distributed loading acting on the gate is shown in Fig. a. This distributed loading is replaced by 
its resultant force on the free - body diagram of the gate, Fig. b. 


Equations of Equilibrium: Writing the moment equation of equilibrium about point A 


(Mp =0; Nc(Q)+ 300-0925) 19.62(2X1)- AN =0 
Nc =3.02 kN 
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*9-117. The concrete gravity dam is designed so that it is held 
in position by its own weight. Determine the factor of safety 
against overturning about point A if x = 2 m. The factor of 
safety is defined as the ratio of the stabilizing moment divided 
by the overturning moment. The densities of concrete 
and water are Peon = 2.40 Mg/m? and p, = 1 Mg/m', 
respectively. Assume that the dam does not slide. 


Resultant Force Component: The analysis of this problem will be based on a per meter width of 

the dam. The hydrostatic force acting on the parabolic surface of the dam consists of the vertical 
component F,, and the horizontal component F), as shown in Fig. a. The vertical component F,, consists 
of the weight of water contained in the shaded area shown in Fig. a. 


F, = Pw8Agco(D =(1000x9.81] 52x0X0)] = 39240N = 39.24 kN 


The horizontal component F;, consists of the horizontal hydrostatic pressure, which can be represented 
by a triangular distributed loading shown in Fig. a. The intensity of the distributed loading at point Bis 
WB = P w8h gb = 1000(9.811(6X 1) = 58860 N / m= 58.86 kN / m. Thus, 


1 
F, = 7 68.86X6) = 176.58 kN 


The weight of the parabolic shaped concrete dam is 


(Weon )p = Peon8V = 24000981] 3c2x6x0]| = 188 352 N = 188.352 kN 


The weight of the rectangular shaped concrete dam is 
(Weon )r = PeongV = 2400(9.81)[2(6(D] = 282 528 N =282.528 kN 


Location: The location of each of the above forces are indicated in Fig. a. Here, F, creates the overturning 
moment M, about point A, while F,, (Won) p» and (Won ), contribute to the stabilizing moment M , about point 


A.Thus 


282.528(1)+ 188.352|2 +0)]+3924[2 lo) 


1 
11654 + 6] 
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9-118. The concrete gravity dam is designed so that it is 
held in position by its own weight. Determine the minimum 
dimension x so that the factor of safety against overturning 
about point A of the dam is 2. The factor of safety is defined 
as the ratio of the stabilizing moment divided by the 
overturning moment. The densities of concrete and water 
are Peone = 2.40 Mg/mé and p, = 1 Mg/m?, respectively. 
Assume that the dam does not slide. 


Resultant Force Component: The analysis of this problem will be based on a per meter width of 

the dam. The hydrostatic force acting on the parabolic surface of the dam consists of the vertical 
component F,, and the horizontal component F;, as shown in Fig. a. The vertical component F,, consists 
of the weight of water contained in the shaded area shown in Fig. a. 


F, = Pw8Agcpb 0009.81] Ecaxon|a= 39240N = 39.24 kN 


The horizontal component F, consists of the horizontal hydrostatic pressure, which can be represented 
by a triangular distributed loading shown in Fig. a. The intensity of the distributed loading at point B is 
WB = P weh gb = 1000(9.81X(6X(1) = 58860 N / m=58.86 kN / m. Thus, 


Fr = 7 58.86X0) = 176.58 kN 


The weight of the parabolic shaped concrete dam is 


(Weon )p = Peon8Y = 2400001] 2x6] = 188 352 N = 188.352 kN 


The weight of the rectangular shaped concrete dam is 
(Weon dr = PeongV = 2400(9.81X6)0(1) = 141 264xN =141.264xkN 


Location: The location of each of the above forces are indicated in Fig. a. Here, F,, creates the overturning 
moment M, about point A, while F,, (Won) p» and (Weon ), Contribute to the stabilizing moment M, about point 
A.Thus 


141.264(x 2) 188:352/<()+x |+39:24| 2(2)+x] 
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9-119. The underwater tunnel in the aquatic center is 
fabricated from a transparent polycarbonate material 
formed in the shape of a parabola. Determine the magnitude 
of the hydrostatic force that acts per meter length along the 
surface AB of the tunnel. The density of the water is 
P = 1000 kg/m. 


Resultant Force Component: The hydrostatic force acting on the parabolic surface AB of the tunnel 
consists of the vertical component F,, and the horizontal component F;, as shown in Fig. a. 
The vertical component F,, represents the weight of water contained in the shaded area shown in Fig. a 


FE, = Pw8Aagcob = (10001981) 22)+=(2x4)|0= 65 400 N = 65.4kN 


The horizontal component F;, represents the horizontal hydrostatic pressure. Since the width of the tunnel 
is constant (1 m), this horizontal loading can be represented by a trapezoidal distributed loading shown in 
Fig. a. The intensity of this distributed loading at points A and B are wa = Pygha b= 1000(9.81)(2X1)= 
19620 N / mand wg = P w8h gb = 1000(9.81(6(1) = 58860 N / m = 58.86 kN / m. Thus, 


1 
Fh = 7 019.62+ 58.864) = 156.96 kN 


Resultant: The resultant hydrostatic force acting on the surface AB of the tunnel is therefore 


FR = dr,? +F? = Ali56.96? + 65.42 = 170kN 
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*9-120. Locate the centroid x of the shaded area. 


di a yde = xx de 


e9-121. Locate the centroid y of the shaded area. 
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9-122. Locate the centroid y of the beam's cross-sectional 


arta. 


50 mm 
+ 75 mm-— 


Centroid : The area of each segment and its respective centroid are tabulated 
below. 


- Segment A(mm?) y(mm) yA(mm') 
1 300(25) 112.5 843 750 
2 100(50) so 250 000 


z 12 500 1093 750 


. EYA 1093750 
7”. 12.300 = 87.5 mm 


9-123. Locate the centroid z of the solid. 


Volume and Moment Arm : The volume of the thin disk differential element is 
AV = ay de= al d. -5)]ée= ra(a- ¿jas and its centroid is au Z=z. 


Centroid : Due to symmery about the z axis 
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*9-124. The steel plate is 0.3 m thick and has a density of 
7850 kg/m'. Determine the location of its center of mass. Also 
compute the reactions at the pin and roller support. 


Fluid Pregsure : The fluid pressure at the toe of the dam can be determined 
using Eq. 9-15, p=yz. 


p =62.4(8) = 499,2 lb/f' 
Thus, 


w = 499.2(1) = 499.2 lb/ft 


Resultant Forces : From the inside back cover of the text, the 

1 1 
exparabolic area is A = jo” 30) = 5.333 fé. Then, the vertical and 
horizontal components of the resultant force are 


Fx, = 1 V = 62.4[5.333(1)] = 332.8 lb 


Fa, = 990) = 1996.8 lb 


The resultant force and is 


n= RR = (DPI De A pa 


= 2024.34 lb = 2.02 kip 


e9-125. Locate the centroid (x, y) of the area. 


Centroid : The area of each segment and its respective centroid are tabulated 
below. 


Segment A(in”) xX(in.) y(in.) YA(in') yA(in?) 
1 ¿00 7 1 31.5 4.50 
2 a 15 54.0 27.0 
3 - -9.00 9.00 


0 0.667 


76.50 39.833 
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9-126. Determine the location (x, y) of the centroid for 
the structural shape. Neglect the thickness of the member. 


Centroid : The length of each segment and its respective centroid are tabulated 
below. 


Segment L(in.) y(in.) yL(in?) 
1 2(1.5) 3 9.00 
2 2(3.354) 1.5 10.06 
3 2 0 0 


y 11.71 19.06 
Due to symmetry about y axis, z=0 


EyL 19.06 . . 
17 1%8 in =1.63 in, 


9-127. Locate the centroid y of the shaded area. 


ACos30” 


cos30[ H(a)(acos30)]- Fla 2698 
H(a)(acos30”) + [a(a)) 
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*9-128. The load over the plate varies linearly along the 
sides of the plate such that p = : [x(4 — y)] kPa. Determine 
the resultant force and its position (x, y) on the plate. 


Resultant Force and its Location : The volume of the differential element is 
2 > 
dV = dF, = pdxdy = 3Udx)[(4- y) dy] and its centroid are Y =x and Y = y. 


4 


ñ=Í, dñ= E ¿y 
. (5),(0-5) ] =24.0kN  Ans 
Jam ¡"ta Tano 
ALA 


3m> 4m 
| jar = j 3er | y (Ay) dy 
Fa o 3 o 


lama 


2? 
sl 
J5, ¿dfn 48.0 
re de 


- Sp jdFh 320 
y= dE, "71m 


.e9-129. The pressure loading on the plate is described by 
the function p = (-240/(x + 1) + 340) Pa. Determine 
the magnitude of the resultant force and coordinates of the 
point where the line of action of the force intersects 
the plate. 


Resultant Force and its Location : The volume of the differential element 15 
40 
dV = dF, = ópás = 6-7 +340]áx and is centroid is X= x. 


ño), dh > ME +340Jas 


x+1 


= 6[-240In(x + 1) + 340x) 13" 
=7619.87 N = 7.62 kN 


= [-1440[x — In(x + 1)] + 10201]/¿% 
= 20880.13N-m 


J,, ¿dFa _ 20880.13 
i= prtiiicn 74 
ES To dFn 1619.87 Pe” 


y = 3.00 m 
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e10-1. Determine the moment of inertia of the area about 
the x axis. 


The area of the rectangular differential element in Fig. ais d4 =(2—x)dy.Since x= (4y)3then 
de =[- (4919 a). 


L=) y ds 
A 


2m 
= | yPR-w]9 


2m 
=/ Qy?-4ByB) ay 
0 


3 m 
197 _ 3 /,13),10/3 El 4 
E =p p! = 0.533 m 
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102. Determine the moment of inertia of the area about 
the y axis. 


3 
The area of the rectangular differential element in Fig. ais dA = ydx = = dx. 
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10-3. Determine the moment of inertia of the area about 
the x axis. 


Y 3113 
gu 


= 0.0606 m* 


929 


10 Solutions 44918 1/28/09 4:21 PM Page 930 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*10-4. Determine the moment of inertia of the area about 
the y axis. 


The area of the rectangular differential element in Fig. ais dA = ydx =x qa dx. 
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e10-5. Determine the moment of inertia of the area about 
the x axis. 


ATI 
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106. Determine the moment of inertia of the area about 
the y axis. 
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107. Determine the moment of inertia of the area about 
the x axis. 


The moment of inertia of the area about the.x axis will be determined using the rectangular differential 
element in Fig. a. This area is 


v4 
a-0-08-|1(2) E 


o , 
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*10-8. Determine the moment of inertia of the area about 
the y axis. 


The moment of inertia of the area about the y axis will be determined using the rectangular differential 
element in Fig. a. This area is 


dA =y dx=2x% dx 


lm lm 2 m 
ly =| PdA = / 122:tax) -| 26 de = (5) =0.286m* Ans. 
A o 0 7 
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e10-9. Determine the polar moment of inertia of the area 
about the z axis passing through point O. 


ki 1m — 


The moment of inertia of the area about thex and y axes will be determined using the rectangular differential 
element in Figs. a and b. The area of these two elements are 


v4 
a-0-00= (2 OS de. 


Thus, the polar moment of inertia of the area about the z axis is 
4 
Jo = lx + ly =0.2051+ 0.2857 = 0.491 m 
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10-10. Determine the moment of inertia of the area about 
the x axis. 


Differential Element : Here, x = y. The area of the differential element 
parallel to xaxis is dA =xdy = y dy : 


Moment of Inertia : Applying Eq. 10— land performing the integration, we 
have dy 


L =/] y dA -["y(4)o 


dior 


=307 in 


10-11. Determine the moment of inertia of the area about 
the y axis. 


Differential Element : The area of the differential element parallel to yaxis is 
di =(8-y)dx=(8-x”) dr. 


Moment of Inertia : Applying Eq. 10— 1 and performing the integration, we 
have 
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*10-12. Determine the moment of inertia of the area 
about the x axis. 


Differential Element : The area of the differential element parallel to y axis 
is dA = ydx . The moment of inertia of this element about x axis is 


dl, = dí, +dAj? 
1 3 yy 
= (y sra) 
(0) a 
= (as +240'-247 +8) de 


Moment of Inertia : Performing the integration, we have 


L=5d, = 3S, (sr +20'-247+8) ás 
; E «a 8r)| 


=1.54 in" 


n 


e10-13. Determine the moment of inertia of the area 
about the y axis. 


Differential Element : The area of the differential element parallel to yaxis is 
dA = ydx = (2-25) dx. 


Moment of Inertia : Applying Eq. 10- land performing the integration, we 
have 


1." 
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10-14. Determine the moment of inertia of the area about 
the x axis. Solve the problem in two ways, using rectangular 
differential elements: (a) having a thickness of dx, and 
(b) having a thickness of dy. 


A)Differential Element : The area of the differential element parallel to y axis 
is dA = ydx . The moment of inertia of this element about x axis is 


dl, = dl, +dA5? 
_ 1 3 y Y 
= ¡¿(4e) y +yde(2) 
=(4-Y a 


= (Sar + 1925 - 1920 +64) dx 


Moment of Inertia : Performing the integration, we have 
lis. 1 6 4 2 
A ¿(se +192x* - 192x* +64) dx 
-lim. 


lin. 

ERAS 
5 3 

= 19.5 in" Ans 


DIDifferential Element : Here, x = ¿/=3. The ara of th differea 
element parallel to x axis is dA = 2xdy = /4- ydy . 


Moment of Inertia : Applying Eq. 10— 1 and performing the integration, we 
have 


L =/ vda 
- [Py 


- 2y* A 3_9 3 16 ya 
[ E O) Il 


= 19.5 in* 
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10-15. Determine the moment of inertia of the area about 
the y axis. Solve the problem in two ways, using rectangular 
differential elements: (a) having a thickness of dx, and 
(b) having a thickness of dy. 


aDifferential Element : The area of the differential element parallel to yaxis 
is dA = ydx=(4-4x*) dx. 


Moment of Inertia : Applying Eq. 10— 1 and performing the integration, we 
have 


ll. 


1 
d)IDifferential Element : Here, x= er The moment of inertia of the 
differential element about y axis is 


1 33 3 1 3 
d = (ón (2 Y = 30d = (4-9 dy 


Moment of Inertia : Performing the integration, we have 


din. 
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*10-16. Determine the moment of inertia of the triangular 
area about the x axis. 


Arca of the differential element (shaded) dA = xdy where x = b- Ey, hence, 
di = xdy = (b- iy) dy. 


L=/Jd= fo -p)o 


“Sip 


b bj 
7 al 


e10-17. Determine the moment of inertia of the triangular 
area about the y axis. 


Arca of the differential element (shaded) dA = ydx where y = h— fx, hence, 
dA= ydx = (h- Ex) de. 


b =/,2da= [¿2(n-hxjas 
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10-18. Determine the moment of inertia of the area about 
the x axis. 


Differential Element : Here, x 2 rá The area of the difíerential element 
h 


parallel to xaxis is dA = xdy = [Jo E 


Moment of Inertia : Applying Eq. 10—1 and performing the integration, we 


Ak 
bi 
L=fya=| 
A o h 


have 


10-19. Determine the moment of inertia of the area about 
the y axis. 


Differential Element : The area of the differential element parallel to yaxis is 
dA= ya =(r- qa. 


Moment of Inertia : Applying Eq. 10— 1 and performing the integration, we 
have 
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*10-20. Determine the moment of inertia of the area 
about the x axis. 


dl, = dlp + dA y? 


«ay +14) 
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e10-21. Determine the moment of inertia of the area 
about the y axis. 


di = dh +dAx? 
- La (1-y) + (8-5) (2-19) 


AN E 


yA 
y = [4 = [[za-»y+ (-7100+0] 6 3015 am 


Also, 


1] 
ya 2d [2 yáca [Há *] = 307i0*  Ans 
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10-22. Determine the moment of inertia of the area about 
the x axis. 


y =2c0s Ex) 


10-23. Determine the moment of inertia of the area about 
the y axis. 


y =2 cos (Ex) 
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*10-24. Determine the moment of inertia of the area 
about the x axis. 


Differential Element: The area of the differential element shown shaded in Fig.a is 
dA = (rd8) dr. 


Moment of Inertia: 
ri12 em 
E =/ y2dA = j r? sin20 (rd0)dr 
A 112% 0 


r/2 pr 
= r? sin? 0drd6 
112% 0 


However, sin? 9 = 0 — cos 20 ). Thus, 


rl2 ne 
ya J — (1 - cos 29 )d0 
ul 4 
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e10-25. Determine the moment of inertia of the area 
about the y axis. 


Differential Element: The area of the differential element shown shaded in Fig. a is 
dA = (rd6) dr. 


Moment of Inertia: 


m/2 pm 
ly =| x2dA = j r2 005? e(rd0 Mir 
A 1124 0 


However, cos? 9 = (00520 + 1). Thus, 


r/2 nm 
=| “y cos20 + 1140 


=/2 
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10-26. Determine the polar moment of inertia of the area 
about the z axis passing through point O. 


10-27. Determine the distance y to the centroid of the 
beam's cross-sectional area; then find the moment of inertia 
about the x' axis. 


2. EJA Ñ 1(6X2)+ 2/ 4(4X1) 
y ZA +40 = 2.20 in. 


1 
l, 2 py +62x2.20- +2] Zar + 1axa-2.207] 


= 57.9 in* Ans 
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“10-28. Determine the moment of inertia of the beam's 
cross-sectional area about the x axis. 


1 
kh» [007 or] [Zoey +waxe] 


=155in*  Ans 


e10-29. Determine the moment of inertia of the beam's 
cross-sectional area about the y axis. 


= E 3 1 3 y e) 
b ps +2 Zo «w0s] 54.7 in 
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10-30. Determine the moment of inertia of the beam's 


cross-sectional area about the x axis. s0mm lb mm 
( 


15mm — | 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into segments as shown in Fig. a. The 
perpendicular distance measured from the centroid of each segment to the.x axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the xaxis can be determined using the parallel - axis theorem. 
Thus, 


l, =1,: +A(d,)? 


-| ¿0500 )e 215000? |+| 4 ,a2015) )» a120J1sAG0? | 


= 67.10%) + 9.0675(10%)= 76.6(10%) mm? 
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10-31. Determine the moment of inertia of the beam's 
cross-sectional area about the y axis. 


60 mm o mm 


15 mm 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into segments as shown in Fig. a. The 
perpendicular distance measured from the centroid of each segment to the y axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the x axis can be determined using the parallel - axis theorem. 
Thus, 


ly =1y +A(d,? 


= [2 005)» asus? [4 zasazo”)e anousyo? | 


= 41.17510%)+ 432.10%)=45.5(10%)mm* 
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*10-32. Determine the moment of inertia of the 


composite area about the x axis. 


150 mm | 150 mm | 


Composite Parts: The composite area can be subdivided into three segments as shown in Fig.a. Since segment (3) is a hole, it contributes a 
negative moment of inertia. The perpendicular distance measured from the centroid of each segment to the.x axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the x axis can be determined using the parallel - axis theorem. Thus, 


l; = 1, +A(d,)* 
L (300x200? y» 000x200( 29) + [E co0x2000)+ 300 200x100)? || -E154)+ (2x5?) Ju007 | 
36 2 3 2 4 

Ans. 


= 792. 10%) mm* 
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e10-33. Determine the moment of inertia of the 
composite area about the y axis. 


150 mm | 150 mm 


Composite Parts: The composite area can be subdivided into three segments as shown in Fig.a. Since segment (3) is a hole, it contributes 
a negative moment of inertia. The perpendicular distance measured from the centroid of each segment to the y axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. Thus, 
ly =1y +A(d,? 


= [=z2o0rc00 +5 200130021 | 5 c2oox3o0> + 200300xaso? || - Est y (-crsa)jaso? | 


= 10.10?) mm* Ans. 
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10-34. Determine the distance y to the centroid of the 
beam's cross-sectional area; then determine the moment of 
inertia about the x' axis. 


Centroid : The area of each segment and its respective centroid are tabulated below. 
Somm 25mm 


CE 5Omm 


Segment A(mm*) y(mm)  yA(mm?) 
1 50(100) 75 375(10*) 
325(25) 12.5  101.5625(10% 
25(100)  -50 -125(10% 


15.625(10*) 351.5625(10*) 


- EJA 351.5625(10*) 


AT JE 


Moment of Inertia : The moment of inertia about the x' axis for each segment can be determined 
. 50m 25mm 
using the parallel — axis theorem /,. = 1. +Ad/. ¡UN 


Segment A,(mm') (4,),(mm) (L.),(mm') (447), (mm!) (L,.), (mm) 
1 50(100) 52.5 5 (50)(100%) — 13.781(10%)  17.948(10%) 
2 325(25) 10 y (325)(25%)  0.8125(10%)  1.236(10%) 
3 25(100) 72.5 17 (25) (100%)  13.141(10%)  15.224(10*) 


L,, = E(L,.), = 34.41 (10%) mm'=34.4(10%) mm"  Ans 
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10-35. Determine the moment of inertia of the beam's 
cross-sectional area about the y axis. 


Moment of Inertia : The moment of inertia about the y” axis for each segment can be determined using 


the parallel — axis theorem L. =[.+Ad?. 2" ¿mm 
Y 1(, 875mm | 875mn ,) 


Segment A,(mm*)  (d,),(mm) (1, .),(mm') (447),(mm*) (1,.), (mmn*) 
1 2([100(25)) 100 2 [$5 100,(25>)) 50.0(10)  50.130(106) 
2 25(325) 0 15 (25) (325*) 0 71.519(105) /00mm 
3 100(25) 0 11 (100) (25*) 0 0.130(106) 


L, =E(£,),=121.78(10%) mm'=122(10%) mm' — Ans 


*10-36. Locate the centroid y of the composite area, then 
determine the moment of inertia of this area about the 
centroidal x' axis. 


Composite Parts: The composite area can be subdivided into three segments The perpendicular distance 
measured from the centroid of each segment to thex axis is also indicated. 


Centroid: The perpendicular distances measured from the centroid of each segment to the xaxis are indicated in Fig. a. 


Ss 2y¿A pa (16)2) + 2B.53IM] = 1833in.= A 
y A DADO) .833 in. =1.83 in. Ans. 


Moment of Inertia: The moment of inertia of each segment about the x' axis can be determined using the parallel - axis theorem. 
Thus, 


Ly =L, + A(d, Y? 


= [00 6(2X1.833- | + JM) (3X3.5- 1859) | 


= 33.5 in* Ans. 
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e10-37. Determine the moment of inertia of the 
composite area about the centroidal y axis. 


Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. 
Thus, 


1, =1, + A(d,? 


E. 3 ¿de sa99 3 2 
= (¿0 +2 ¿6% 1+302.5) | 


= 74 in* Ans. 


10-38. Determine the distance y to the centroid of the 
beam's cross-sectional area; then find the moment of inertia 
about the x' axis. 50 mm | 50 mm 


ESA _ 5O(100)(200) + 250( 1000300) _ 70 mm An 


J IA 100(200) + 100(300) 


pa 200) 100)” + 200(100)(170 - 50)? 


+ ZC100)(200)" + 100(300)(250= 110) 


=722(10)% mm* Ans 
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10-39. Determine the moment of inertia of the beam's 
cross-sectional area about the x axis. 


50 mm | 50 mm 


5 [Fono + 0201005] 


+ [0003 + 0009025] = 217(10) mn" — mu 
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*10-40. Determine the moment of inertia of the beam's 
cross-sectional area about the y axis. 


50 mm | 50 mm 


ha z 100)(200)” + (500x 100)” =91.1(10) mm" Aus 
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e10-41. Determine the moment of inertia of the beam's 
cross-sectional area about the x axis. 


A 


50 mm 50 mm 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into two segments as shown in Fig. a. Here, 
segment (2) is a hole, and so it contributes a negative moment of inertia. 


Moment of Inertia: Since the x axis passes through the centroid of both rectangular segments, 


lx =(1-) +(1, ), 
> —(100x260*) - (925x230) 


= 52.110) mm* 


[Er 


[30 mm 115 mm 


g X cas 
C, 
130mm al [|5mm 


(A) 
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10-42. Determine the moment of inertia of the beam's 
cross-sectional area about the y axis. 


50 mm 50 mm 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into two similar segments (2) and one 
segment (1) as shown in Fig. a. The location of the centroid of each segment is also indicated. 


Moment of Inertia: Since the y axis passes through the centroid of each segment, 
1, =2 (1), 


=2 ¿UNO ¿ms 53) 


= 2.51(10% ) mm* 
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10-43. Locate the centroid y of the cross-sectional area 
for the angle. Then find the moment of inertia 7, about the 
x' centroidal axis. 


Centroid : The area of cach segment and its respective centroid are tabulated below. 


Segment A(in?) y(in.) yJA(in?) 
1 6(2) 3 36.0 
2 6(2) 1 12.0 


pa 24.0 48.0 


EJA 48.0 
Y E — e Zo E A 
“3 A. 
Moment of Inertia : The moment of inertia about the x'axis for each segment can be 


determined using the parallel — axis theorem /,- = [,. +Ad]. 
Segment A;(in*) (d,),(im.) (£,.),(im*) (Ad?) (in) (1,.), (in*) 


1 216) 1 E(D(6) 12.0 48.0 
2 6(2) 1 50 (2) 12.0 16.0 


L,, =X(L,.), = 64.0 in” 


*10-44. Locate the centroid x of the cross-sectional area 
for the angle. Then find the moment of inertia [y about the 
y” centroidal axis. 


Centroid : The area of each segment and its respective centroid are tabulared below. 


Segment A(in?) Y(in.) XA(in?) 
1 6(2) 1 12.0 
2 6(2) 5 60.0 


z 24.0 72.0 


22 = 300. Ans 
Moment of Inertia : The moment of inertia about the y'axis for each segmentcan be 


determined using the parallel — axis theorem L. = 7. +Ad?. 


Segment A,(in*) (d,),(in.) (£.),(im*) (443), (in%) (L.), (1n*) 
1 6(2) 2 15(6)(2?) 48.0 52.0 
2 2(6) 2 15(2)(6*) 48.0 84.0 


L-=E(1.),=136in" 
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e10-45. Determine the moment of inertia of the 
composite area about the x axis. 


Composite Parts: The composite area can be subdivided into three segments as shown in Fig.a. The perpendicular distance measured from 
the centroid of each segment to the x axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the xaxis can be determined using the parallel - axis theorem. Thus, 
l; = 1, +AdyY 


ma [Zasocos y+300(150xo) |+ [Zasoyaso? + 150a150x79) |+| 2c150x150>)+ Zasousoxso? | 


= 5442106) mm Ans. 
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10-46. Determine the moment of inertia of the composite 
area about the y axis. 


Composite Parts: The composite area can be subdivided into three segments as shown in Fig.a. The perpendicular distance measured from 
the centroid of each segment to the y axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. Thus, 
ly =1y +A(d,Y 
[Basoxaso»)+ 150c150x75? |+ [Zaasoxao0* )+ 15000? || Lasoxaso*)+ Zasoyisoxso? | 


= 548106) mm? Ans. 


I5o0mmi ¡5o0mm 


(A) 
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10-47. Determine the moment of inertia of the composite 
area about the centroidal y axis. 


150 mm 150 mm! 


Composite Parts: The composite area can be subdivided into four segments as shown in Fig.a. Since segment (4) is a hole, it contributes 
a negative moment of inertia. The location of the centroid for each segment is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. Thus, 
7 2 
ly =Ly +A(d;) 


pS E ¿20X 150? ) + A 240X 1500? |» Fasoxca )+ asao0KO? |+ [- 350x200?) + (-350(200)X or] 


= 914(106) mm? Ans. 
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*10-48. Locate the centroid y of the composite area, then 
determine the moment of inertia of this area about the 
x' axis. 


150 mm!150 mm 
Composite Parts: The composite area can be subdivided into three segments as shown in Figs.a and b. Since segment (3) is a hole, 
it should be considered a negative part. 


Centroid: The perpendicular distances measured from the centroid of each segment to the xaxis are indicated in Fig. a. 


1 
3d c00K 240)) +225(300450)) + 229 -200(350)) , 
2 AO ia de 


300 240)-+300(450)- 20350) 10110?) 


Moment of Inertia: The moment of inertia of each segment about the x” axis can be determined using the parallel - axis theorem. 
The perpendicular distance measured from the centroid of each segment to the x” axis is indicated in Fig. b. 


Ly =T,: + Aldy Y 
A [coa y+¿300K2A0x19629? | + [¿000xa50*)+ 300(asox10871?| 


+ - ¿Quoyaso + (2000350) x 10870? | 


[50 mm 
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e10-49. Determine the moment of inertia /, of the 
section. The origin of coordinates is at the centroid C. 


E 
600 mm 


Moment of Inertia : The moment of inertia about the x' axis for each segment can be determined 
using the parallel — axis theorem /,. = 1. +Ad?. 


Segment A,(mm*) (d,) (mm) (£.),(mm') (Ad?) (mm*) (L,.), (mm) 
1 200(20) 110 y (20) (200%)  48.4(10%)  61.733(10) 
2 640(20) 0 15 (640) (20?) 0 0.427(10*) 
3 200(20) 110 iy (20)(200)  48.4(10%) 


L,. = E(L,.), = 123.89( 10%) mm' =124(10%) mm' 


10-50. Determine the moment of inertia / y of the section. 
The origin of coordinates is at the centroid C. 


| 


200 mm 


li 
UA FE 


20 mm Ú e 


20 mm —— 


Moment of Inertia : The moment of inertia about the y * axis for each segment can be determined 
using the parallel — axis theorem /,. =7.+Ad?. 


Segment A,(mm*) (4,),(mm) (í,.),(mm*) (Ad?) (mm') (%,»), (mm*) 
200(20) 310 P5(200)(20%) 38RÉC1O)  384.53(10) 
640(20) 0 15 (20) (640?) 0 436.91(10*) 
200(20) 310 jr (200)(20%)  384.4(10%)  384,53(10%) 


L, =E(£.), =1.206( 10) mm'=1.21(107) mm 
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10-51. Determine the beam's moment of inertia /, about 
the centroidal x axis. 


Composite Parts: The composite cross - sectioned area of the beam can be subdivided into three segments as shown in Fig. a. 
The locations of the centroid for each segment is also indicated. 


Moment of Inertia: Since the centroid of each segment is located about the x axis then 


did pc a AA 3 
L, = 5 (15X100”)+ 705x100) + 7 (7OX10”) 


= 2.5110) mm 
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*10-52. Determine the beam's moment of inertia /, about 
the centroidal y axis. 


Composite Parts: The composite area can be subdivided into three segments as shown in Fig. a. The perpendicular distance 
measured from the centroid of each segment to the y axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. 
Thus, 


ly =1y +A(d,? 


00x15*)+ 100(15x9257 |+ [¿Coas* 4 10015x92:97 || Zaoxazo* )+ rraroxo” | 


= 29.810) mm” Ans. 
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e10-53. Locate the centroid y of the channel's cross- 
sectional area, then determine the moment of inertia of the 
area about the centroidal x' axis. 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into segments as shown in Figs.a and b. 


Centroid: The perpendicular distances measured from the centroid of each type of segment to the.x axis are also indicated in Fig. a. 
Thus, 


=——— =4.75in Ans. 


> ESA _ 625(14(0.5)) +(I2XKOS) _ 61.75 
Y = Ea 7 TA05)+QK6XOS) 13 


Moment of Inertia: The moment of inertia of each segment about the x' axis can be determined using the parallel - axis theorem. 
The perpendicular distance measured from the centroid of each type of segment to thex' axis is indicated in Fig. b. 


ly =1,:+ Ad, Y 


dl [usos 10917 |e[ ¿056)+ 00979? | 


=15.896+36.375= 523 in* 
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10-54. Determine the moment of inertia of the area of the 
channel about the y axis. 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into two segments as shown in Fig. a. Here, 
segment (2) is a hole, and so it contributes a negative moment of inertia. 


Moment of Inertia: Since the x axis passes through the centroid of both rectangular segments, 
L. =( 1.) +(1, ), 


1 3 1 3 


= 388 in” 
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10-55. Determine the moment of inertia of the cross- 
sectional area about the x axis. 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into two segments as shown in Fig. a. Here, 
segment (2) is a hole, and so it contributes a negative moment of inertia. 


Moment of Inertia: Since the x axis passes through the centroid of both rectangular segments, 
| Lo) +(1, )a 


l a 3 
= —(10012007)- —(90X180 
> X ) rd 180”) 


= 22.10%) mm? 
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*10-56. Locate the centroid x of the beam's cross- 
sectional area, and then determine the moment of inertia of 
the area about the centroidal y” axis. 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into segments as shown in Fig. a. 


Centroid: The perpendicular distance measured from the centroid of each type of segment to the y axis is also indicated in Fig. a. 
Thus, 


z HA _ 95(10(180)) + SO(2(100X 10) _ 210%) _ 1 30 m2 
10(180)+2(100X10) 3.2107) 


Moment of Inertia: The moment of inertia of each segment about the y” axis can be determined using the parallel - axis theorem. 
The perpendicular distance measured from the centroid of each type of segment to the y” axis is indicated in Fig. b. 


7 2 
ly =1y'+A(d,1) 


= [¿asoxio?)+ 180(10x23.60 + E 7 00k 100? ) + 2(100X10X 21327 | 


12 
= 3.6010%) mm* 
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e10-57. Determine the moment of inertia of the beam's 
cross-sectional area about the x axis. 


Composite Parts: The composite area can be subdivided into segments as shown in Fig.a. The perpendicular distance measured 
from the centroid of each segment to the xaxis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the x axis can be determined using the parallel - axis theorem. 
Thus, 


l; =L, +A(dy? 


= (20027): 2226X12X1 we | ¿2x0 + aaa? | [4 qanasó))» amasoyo? | 


=114.62(10%) mm? =115(10%)mm* Ans. 
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10-58. Determine the moment of inertia of the beam's 
cross-sectional area about the y axis. 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into segments as shown in Fig. a. The 
perpendicular distance from the centroid of each segment to the xaxis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. 
Thus, 


= 1, 
ar —(12X226?) ))xzoaxo? |. [dzawxi2>) «aora? |+[4zasouz))+ asma? | 


=152.94(10%) mm” = 15X10%)mm* Ans. 
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10-59. Determine the moment of inertia of the beam's 
cross-sectional area with respect to the x' axis passing 
through the centroid C of the cross section. y = 104.3 mm. 


Moment of Inertia : The moment of inertia about the x” axis for each segment can be determined using 
the parallel — axis theorem /. =Í.+Ad. 


Segment A,(mm') (d,) (mm) (£.) (mm') (Ad3),(mm*) (1,.), (mm!) 
(17.52) 113.2 F(17.51) 12.329(106) 12.402(10*) 
15(150) 20.7 5 (15)(150%) — 0.964(10%) 5.183(10%) 
r(25*) 79.3 Qs") 12.347(10%)  12,654(10%) 


L. =E(l,-), =3024(10%) mm'=30.2(10%) mm'  Ans 


*10-60. Determine the product of inertia of the parabolic 
area with respect to the x and y axes. 


Due to symmetry about y axis 


ly 20  Ans 
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e10-61. Determine the product of inertia /,, of the right 
half of the parabolic area in Prob. 10-60, bounded by the 
lines y = 2 in. and x = 0. 


dA =x dy 


h > f 35 aa . j 


A 


E) (Wa dy) 


> Flo)o- 7] una 
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10-62. Determine the product of inertia of the quarter 
elliptical area with respect to the x and y axes. 


Differential Element: The area of the differenial element parallel to the y axis shown shaded in Fig. ais dA = y dr. Here, 


y= a la? — x? .Thus, de = 2,2 — x? dx.The coordinates of the centroid of this element are x. =xand y, = 2= > da? ag, 
a a 


Thus, the product of inertia of this element with respect to the x and y axes is 
A yy = dl y! y! + dAx ¿Ye 
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10-63. Determine the product of inertia for the area with 
respect to the x and y axes. 
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*10-64. Determine the product of inertia of the area with 
respect to the x and y axes. 


y = (1 — 8) 


Differential Element: The area of the differential element parallel to the y axis shown shaded in Fig. ais 


dA =y dx =q0- 8)d: (7-20) ar ecc centroid of this element areZ = x and $ = 3 = ES 2 


Thus, the product of inertia of this element with respect to the x and y axes is 
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e10-65. Determine the product of inertia of the area with 
respect to the x and y axes. 


Sy =1 + 2x? + 4x 


DifTerential Element: The area of the differential element parallel to the y axis shown shaded in Fig. ais 
dA =y dx = ¿e +2x? +4x) dr. The coordinates of the centroid of this element are F = x and $ = 4 


Thus, the product of inertia of this element with respect to the x and y axes is 
A yy =dl'y+ dx 


A 04 qu? +21? 4 4x) AS +21? +40)] 


=> 2 2 
= gor +4x)?x de 


Product of Inertia: Performing the integration, 


4 in. 
Lo =/ dy =/ LL (7 446 +12 +16:4+16:3)dc 
o 18 
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10-66. Determine the product of inertia for the area with 
respect to the x and y axes. 
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10-67. Determine the product of inertia for the area with 
respect to the x and y axes. 


The product of inertia of the element (shaded) is 


di, = dí, y +dA5 


- P 
=0:0-009(+5)0 = (0 2) ydy Where X= md 


Aa 7, 
- (0 77 Jo 
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*10-68. Determine the product of inertia for the area of 
the ellipse with respect to the x and y axes. 


O 
[ 3744 = [Guy 
1 
sl, +0 


14 1 2 
3%, ¿(16 —x%)x dx 


e10-69. Determine the product of inertia for the parabolic 
area with respect to the x and y axes. 


di, =dí, y + dA3y 


. =0+ [epa 


1f* lt 
Ñ zJ éde ¿2 = 10.667 = 10.7 in* 
2), 6 lo 
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10-70. Determine the product of inertia of the composite 
area with respect to the x and y axes. 


Composite Parts: The composite area can be subdivided into two segments as shown in Fig. a. Since segment (2) is a hole, it 


should be considered a negative area. The perpendicular distances measured from the centroid of each segment to thex and y axes 
are also indicated. 


Product of Inertia: Since the centroidal axes are the axes of symmetry for both segments, then (1 xy" ), = (7, y") , = 0. The product of 


inertia of each segment with respect to thex and y axes can be determined using the parallel - axis theorem. 
Ly =(Ley). + 4d xd, = Md xd, 


= ADA ms 2x2) = 64+ (97) = 35.7 in? 
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10-71. Determine the product of inertia of the cross- 
sectional area with respect to the x and y axes that have 
their origin located at the centroid C. 


Product of Inertia : The area for each segment, its centroid and product of 
inertia with respect to x and y axes are tabulated below. 


Segment A,(in*) (d4,),(in.) (4,),(in.) (L,), (in) 
l 31) 2 3 18.0 


2 1(1) 0 0 0 
31) -3 18.0 


l,, =E(1,,),=360 in* 


*10-72. Determine the product of inertia for the beam's 
cross-sectional area with respect to the x and y axes that 
have their origin located at the centroid C. 


Ly = 25(S)(10)-15)+ 50(5)-5X(7.5) =-28.1(107) mm'  Ans 
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e10-73. Determine the product of inertia of the beam's 
cross-sectional area with respect to the x and y axes. 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into three segments 
The perpendicular distances measured from the centroid of each element to thex and yaxes are also indicated. 


Product of Inertia: Since the centroidal axes are the axes of all the segments are the axes of symmetry, then 7," =0. Thus, 
the product of inertia of each segment with respect to thex and y axes can be determined using the parallel - axis theorem. 
Lo = hey + Mydy =4d:d, 
= 90(10X55X295) +300(10X5X150)+ 90(10X55X5)= Ely, = 17.10%) mm* 


10-74. Determine the product of inertia for the beam's 
cross-sectional area with respect to the x and y axes that 
have their origin located at the centroid C. 


Ly = 306.5)(2) + 5(1)(-5.5)(2) 


=-—110in* Ans 
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10-75. Locate the centroid x of the beam's cross-sectional 
area and then determine the moments of inertia and the 
product of inertia of this area with respect to the u and 
v axes. The axes have their origin at the centroid C. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the left of the beam's 
cross - sectional area leads to 


¿¿A, HMADAOOS eo =82 a Ans. 


ZA 2(175X20)+360(20) 
Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes with the parallel - axis theorem gives 
l= q 0500) manso] CON360) 
= 330.610 ) mm* 
> q ens). 20(175x3930* )|+| ¿sora? y+ 36002013820? | 
= 39.42.10) mm 
Since the cross - sectional area is symmetrical about the xaxis, /yy =0. 
Moment and Product of Inertia with Respect to the u and v Axes: With 9 = -60*, 
po de ¿E 9-1 


e [ue +39.42 _ 330.69 -39.42 
2 2 
=112.25(10%) mm* =112(10%) mm* 


l+ly Ly-1 
ly = 2-2 00528 + 1yy sin20 


cos(-120”)- Osinc-120*)J10S) 


_ [330.69 +39.42 _ 330.69 39.42 
A 2 2 
= 257.8210% ) mm” = 258(10%) mm* 


L¿-1 
ly = 2 sin20 + yy c0528 


cos(-120*)+ Osini-120*)|105) 


Mi ES —39.42 
_ 2 


= -126.12(10%) mm? = -126(10%) mm? 


sin(-120*)+0c0s(-120*) 106) 
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*10-76. Locate the centroid (x, y) of the beam's cross- 
sectional area, and then determine the product of inertia of 
this area with respect to the centroidal x' and y' axes. 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into three segments as shown in Figs.a and b, 


Centroid: The perpendicular distances measured from the centroid of each segment to the xand yaxes are indicated in Fig. a. 


= 45.52 mm =45.5 mm Ans. 


ZA 90(10) +300(10) + 19010) 58(10) 


JA _ 295(90010)) + 150(30010)) + 5(190(10)) _ 72510%) _ , 
ZA 90(10)+300(10)+ 190(10) s8go?) 


y= 25mm Ans. 
Product of Inertia: Since the centroidal axes are the axes of all the segments are the axes of symmetry, then Ly = (0. Thus, the 
product of inertia of each segment with respect to the x' and y” axes can be determined using the parallel - axis theorem. The 
perpendicular distances measured from the centroid of each segment to thex' and y” axes are indicated in Fig. b. 
ly = Ty + Ad yd y = Adx'dy' 
= 90(10X9.483X 170) +300(10-40.52X 25)-+ 190(10X 59.48X 120) = Ely” =-15.15(10%) mm* 
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e10-77. Determine the product of inertia of the beam's 
cross-sectional area with respect to the centroidal x and 
y axes. 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into three segments as shown in Fig. a. 
The perpendicular distances measured from the centroid of each segment to the xand y axes are also indicated. 


Product of Inertia: The product of inertia of segment (2) is equal to zero, (1 y 1) = 0 since the x and y axes are axes of symmetry. 


2 
Also, the centroidal axes of segments (1) and (3) are axes of symmetry. Thus, (Ly), = (Ly) = 0. Using the parallel - axis 


theorem,the product of inertia of the two segments can be determined from 
Ly = Ly + Mzdy = Md xd, 
= 9101-50) 145) + 90(10 X(50X-145)=-—13.05(106) mm? 
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10-78. Determine the moments of inertia and the product 
of inertia of the beam's cross-sectional area with respect to 
the u and y axes. 


Moment and Product of Inertia with Respect to the x and y Axes: Since the rectangular beam cross - sectional area is 
symmetrical about the.x and y axes, [yy =0. 


E A l 3 4 
ly = 7 016%)= 54 in ly =33003)= 13.5 in 


Moment and Product of Inertia with Respect to the u and v Axes: With 0 = 30", 
LL I.-I 
1 = + dE 2 00528 — yy sin20 
o S44 135 54 — 13.5 


> cos60* — Osin60? 


cos20 +Ly sin20 


_ 544135 54-135 
2 2 


= 23.6 in" 


cos60* + Osin60? 


I,-I 
a = 2 sin28 + Ly cos 29 
_ 54-13,5 
2 


sin60* +0cos 602 


=17.5in4 
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10-79. Locate the centroid y of the beam's cross-sectional 
area and then determine the moments of inertia and the 
product of inertia of this area with respect to the u and 
V AXES. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the bottom of the beam's 
cross - sectional area are indicated in Fig. a. Thus, 
- _ EyA _ 12.25(10X0.5)+2[10(4X(0.5)] + ((12X1) 
SETE 7 10(0.5) + 2(4X0.5) + 1X1) 


= 8.25 in. 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. Using the parallel - axis theorem, 


L, = [¿voxos + 10(0.5xa) |+ 4305 xa? posa? | + Gan 122)+ 12225 | 


= 302.4 in* 
_1 3 dE 3 al Es 3 
ly = 370510 )+2 ¿005 )+ 4(0.510.75) |. O) 


= 45 in* 
Since the cross - sectional area is symmetrical about the y axis, [yy =0. 


Moment and Product of Inertia with Respect to the uy and v Axes: With O = 60", 
I,+1 I.-—I 
1 = +22 00920 — 1, sin20 
_ 302.44+45 4 302.44 — 45 
2 2 
=109.36in* =109 in? 
L+L 1,-I 
=—2 - 2 00520 +1, sin20 
2 2 » 
_ 302.44+45 302.44 - 45 


2 2 
= 238.08 in = 238 in? 


cos 120? — Osin 120? 


y = 


cos 120” + Osin 120? 


=Ly . 
w = sin28 + 1, cos 28 


- 222 sin120*+0008 120* 


=111.47in4=111in* 
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*10-8S0. Locate the centroid x and y of the cross-sectional 
area and then determine the orientation of the principal 
axes, which have their origin at the centroid C of the area. 
Also, find the principal moments of inertia. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the left and bottom of the 
beam' s cross - sectional area are indicated in Fig. a. Thus, 


6(0.5)+ 5.5 0.5) 
A _ 3(6X0.5)+0.25(5.5X0.5) _ o 
o 6(0.5)+ 5.X0.5) =1.685 in. =1.68 in Ans. 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. 
Ll, = [Foros y+5s03x145>] + [qosxs%+ 0. 9315] 


=19.908 in* 
ly = [005 )+ s0x1as>| + [qosss+ 0. 551.565] 
=19.908 in* 
Ly = 6(0.5X-1.435X1.315)+5.5(0.5X1.565X-1.435) 
= 11.837 in* 


_ 19.908 + 19.908 mn 19.908 19.908 
2 2 


= 19.908 + 11.837 
Imax =31.7in% —— Imin =8.07in?  Ans 


z 
] +(-11.837)? 


Orientation of Principal Axes: 
-1 dE 
A: A 11.837) E 
P (1; — 1y)/2  (19.08— 19.08) /2 
2, = 90% and —90? 
0, = 45” and —45? Ans. 


tan 29 
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Substituting 9 =9, = 45" 


L+ly 1: 
ly = 242 00520 — yy sin29 
E 19.908 + 29.) 19.908 20 a 90* - (-11.837) sin90* 


2 


= 31.70% =1 max 


2 
This shows that / px corresponds to the principal axis orientated at 
Imax =31.7 in* (0) = 45" 


and I yin Corresponds to the principal axis orientated at 
Imin =8.07in% (Op) =-45 


The orientation of the principal axes is shown in Fig.c. 
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e10-81. Determine the orientation of the principal axes, 
which have their origin at centroid C of the beam's cross- 
sectional area. Also, find the principal moments of inertia. 


100 mm—20 mm 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from each subdivided 
segment to the x and y axes are indicated in Fig. a. Applying the parallel - axis theorem, 


l,= 1 ena? )+ so(2ox1ao?)|+ Cox )= 107.810 )mm* 
ly = 3 Coxeo )+20(80X 50? )|+-cooxzo”) = 9.901 10%) mm? 


Ly = 80(20X-SOX140) + 80(20X S0X—140) = 22.4(10%) mm* 


Principal Moment of Inertia: 


1 +1 ESE Y 
Imax ==——2t Y + ly? 
min 2 2 


-|107.83+9.907 , 
2 
58.867+ 53.841 
Imax =112.71(10%) =113(10%) mm* 
Imin =5.024106) =5.03(10% ) mm? 


Orientation of Principal Axes: 

ly _ 424x106) 
(1,112 (107.839.907 10%)/2 
28 y = 24.58" and — 155.42" 
9) = 12.29" and - 77.712 


tan 20, = = 0.4575 


Substituting 9=0, = 12.29" 


Ip+ly IL z—1 
242 020 — yy sin20 


u = 

2 

_ 107.83+ 9.907 Al 107.83 9.907 
a 2 2 


=112.71(106) mm? = 1 max 


Jos 24.58” — (-22.4)sin 24.58? 


This shows that [max corresponds to the principal axis orientated at 
Imax = 113(10%) mmé (0, ) = 12.3 


and / min Corresponds to the principal axis orientated at 
Imin = 5.0310) mm* Op) =-71.7> 


The orientation of the principal axes are shown in Fig. b. 
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10-82. Locate the centroid y of the beam's cross-sectional 
area and then determine the moments of inertia of this area 
and the product of inertia with respect to the u and v axes. 
The axes have their origin at the centroid C. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the bottom of the beam's 
cross - sectional area are indicated in Fig. a. Thus, 
- XyA  2[100(200125)|+ 12.32.5100) 
y= DA 


YA ALDO O mm ae 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. Using the parallel - axis theorem, 


l, = q esa )+25(200X17.5)”|+ OS + 100(25X 70 


= 48.78.10) mm” 
E 3 YA 3 
l, = 2] 7200Ka5 )+200(25162.5) |. 5 (25X 1007) 


= 41.61.10) mm* 
Since the cross - sectional area is symmetrical about the y axis, 1 xy = O. 


Moment and Product of Inertia with Respect to the uy and v Axes: With 0 = —60*, 
Li+ly Lil . 
ly = E sin20 


_ [2 +41.67 | E - 41.67 
: LAA ARK 


+ Joos1200- osin1209 [10 ) 


= 43.4110%) mm* 


Lily 11 
y = 2-2 00828 +1yy sin20 


2 


Y [$2 +41.67 _ (ES - 41.67 


> Jos 1209) + osin1209 Jas) 
= 47.0 106) mm 


Ix=l, a 
Luy = ” sin28 + 1, cos 28 


¿EA 120) Ocos(-120*) 


= -3.08(10%) mm? 
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10-83. Solve Prob. 10-75 using Mobhr's circle. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the left of the beam's 
cross - sectional area are indicated in Fig. a. Thus, 
_ EXA _ 2[(87.5X 175X20)| + 10(360X20) 


ZA O a mn Ana. 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. Using the parallel - axis theorem, 


> 3 ¿07520 + rrscoxaso |» C0x360) 
= 330.6X.10% ) mm* 

1 = ] Z (20X1753)+ 20175X 3930 )|+| ¡¿esoxzo”)+ 600x320] 
= 39.42 10% ) mm* 


Since the cross - sectional area is symmetrical about the x axis, [yy =0. 


Construction of Mobr's Circle: The center C of the circle lies along the u axis at a distance 


Lx +I, 330.69 + 39.42 
as (CT 


Jo) mm = 185.06(10% ) mm? 


The coordinates of the reference point A are [330.69, ok10*) mm . The circle can be constructed as shown in Fig. c.The radius of 
the circle is 
R =CA =(330.69- 185.06X106)= 145.64(10%) mm? 


Moment and Product of Inertia with Respect to the u and v Axes: By referring to the geometry of the circle, 
1, = (185.06 — 145.64c08 602X10%)= 11X10%) mm* Ans. 
I, =(185.06 + 145.64c0s 60X10%)= 258(10%) mm* Ans. 
Lu» = (145.64 sin60? 10%) = -126(10%) mm? Ans. 
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*10-84. Solve Prob. 10-78 using Mohr's circle. 


Moment and Product of Inertia with Respect to the x and y Axes: Since the rectangular beam cross - sectional area is 
symmetrical about thex and yaxes, [yy =0. 


_ A : en) 4 
lx == 0x6?) = 54 in Ll = 7 06?)= 13.5in 


Construction of Mobr's Circle: The center C of the circle lies along the u axis at a distance 
_Ly+ly 544135 


¿4 
= = 33.7. 
avg ”) ") 33.75 in 


The coordinates of the reference point A are (54, 0)in*. The circle can be constructed as shown in Fig. a. The radius of the circle is 
R =CA = 54-33.75= 20.25 in? 


Moment and Product of Inertia with Respect to the u and y Axes: By referring to the geometry of the circle, 
IL =33.75+ 202500860" = 43.9 in* Ans. 
1, =33.75- 20.25c0860* = 23.6in% Ans, 
Iw = 20.25sin 60? = 17.5 in* Ans. 
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e10-85. Solve Prob. 10-79 using Mohr's circle. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the bottom of the beam's 
cross - sectional area are indicated in Fig. a. Thus, 
- _ EJA _ 12.2X(10X0.5)+ 2/10(4X0.5)] + 6(12X1) 
y= ZA = 


10(0.5)+ 2(4X0.5) + 121) dc 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. Using the parallel - axis theorem, 


l, = [Us 10005xa |. a osx? 050x175 || za 12)+ 12225? | 


= 302.44 in* 
1 3 1 3 21 3 
= —(0.5X10 —(4X0.5”)+ 4(0.5X0.75)” |+-—(12X1 
y =T7O3X y (a )+ 4(0.5X » ]e- gana) 
= 45 in* 
Since the cross - sectional area is symmetrical about the y axis, 1, =0. 
Construction of Mohr's Circle: The center C of the circle lies along the u axis at a distance 


_L+Hly _ 302.44+45 


lag Ñ 7 —= 13 in? 


The coordinates of the reference point A are (302.44, 0) in”. The circle can be constructed as shown in Fig.c. The radius of the 
circle is 
R =CA =(302.44 — 173.72)= 128.72 in* 


Moment and Product of Inertia with Respect to the y and v Axes: By referring to the geometry of the circle, 
1, =173.72 — 128.72 00860" =109 in* Ans. 
1, =173.72 + 128.72 00860" = 238 in% Ans, 
Ly = 128.72sin60 =111 in? Ans. 
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10-86. Solve Prob. 10-80 using Mohr's circle. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the left and bottom of the beam's 
cross - sectional area are indicated in Fig. a. Thus, 
-_ EXA _ 0.25(6X0.5)+ 3.2 5.540.5) > - 
—= 1.685 in.= 1.68 Ans. 
E A dd 


ZA 
+ _ JA _ IÓXOS)+02I5 M0 — 1 68550 = 1.681 e 
>= (0.5) + 5.0.5) Om aLóA 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. 


L= [Fosas 550x105] + [Zosé*)+ 0.3 9u315)] 


=19.908 in* 


ly= [Foos y+a0sx.0s)] + [Joss )+0.% 55x1.565%)] 
=19.908 in* 
Ley = 90.5K-1.435X1.315)+5.5(0.5X1.565X-1.435) 


=-11.837in* 


Construction of Mohr's Circle: The center C of the circle lies along the u axis at a distance 


Laly _ 19.908+ 19.908 ¡4 _ 19.908 in% 


1 
dE 2 


The coordinates of the reference point A are (19.908, —11.837) in*. The circle can be constructed as shown in Fig.c. The radius of 
the circle is 

R=CA =11.837in* 
Principal Moment of Inertia: By referring to the geometry of the circle, 


Imax =19.908 +11.837=31.7 in* Ans. 

Imin =19.908—11.837=8.07in* Ans. 
Orientation of Principal Axes: Here (8 »); and (9 y )2 are the orientation of the principal axes about which / max and /min OCCUr, 
respectively. By observing the geometry of the circle, 

20 y ) = 90? (0 ph = 45” (counterclockwise) Ans. 

20 pd =90% (Op) =45*(clockwise) Ans. 


1.435m 


|-435 im 
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10-87. Solve Prob. 10-81 using Mohr's circle. 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from each subdivided 
segment to the x and y axes are indicated in Fig. a. Applying the parallel -axis theorem, 


3 =[¡z:eo1c0?)+e0zoyieo”)]+ Zczoxa00”)= 10789105) mm* 


da 3 Coxeo )+20080x50”)] + c00x20”) =9.9010%) mm* 
yy = 80(20X-50X140)+80(20X:50X-140) = -22.4(10% )mm* 


Construction of Mohr's Circle: The center C of the circle lies along the u axis at a distance of 


1 +1 
lang == eE 105) 58867105) mm 


The coordinates of the reference point A are (107.83, — 22.4) mm*.. The circle can be constructed as shown in Fig. b. The radius of 
the circle is 


R=CA -( 107.358.867? +(-22.4)? Jus =53.84(10 6) mm? 


Principal Moment of Inertia: By referring to the geometry of the circle, we obtain 
Imax =(53.84 + 53.84X10%) =112.70(10%)= 11210 )mm* 
Imin =(53.84 - 53.841(106)= 5.026(10%)= 5.0106) mm% 


Orientation of Principal Axes: Here (0 , )] and (9) ), are the orientation of the principle axes about which / ¡pax and / min OCcur. 
From the geometry of the circle, 


(0 p ) = 12.29” = 12.3” (counterclockwise) 
Thus, 
20 ») =180- A9 y ) =155.42" 
(0 Pp la = 77.7" (clockwise) Ans. 


The orientation of the principle axes are shown in Fig. c. Trv(10€) min? 


1002 


10 Solutions 44918 1/28/09 4:22 PM Page 1003 = 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*10-88. Solve Prob. 10-82 using Mohr's circle. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the bottom of the beam's 
cross - sectional area are indicated in Fig. a. Thus, 


+ _ EJA _ 2[100(200X25)] + 12.5(2.5X100) 
y= ZA = 


Z(200X25) + 25(100) = 82.5 mm Ans. 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. Using the parallel - axis theorem, 


l= q asam +27] [¿aoox2s )+ 10005x70?| 
= 48.79.10) mm* 
Lo 2 ¿C00x25"y+200025x02.5? |+-Gcsios”) 


= 41.6X 10%) mm* 
Since the cross - sectional area is symmetrical about the y axis, /yy =0. 


Construction of Mohr's Circle: The center C of the circle lies along the u axis at a distance 


L,+l 
do A -( LE 106) me = 45.2210%) mm? 


Laya 5 
avg 2 2 


The coordinates of the reference point A are [48.78, 010%) mm” .The circle can be constructed as shown in Fig. a. The radius of 
the circle is 


R =CA =(48.78- 45.22X10%) = 3.56 10%) mm? 


Moment and Product of Inertia with Respect to the u and v Axes: By referring to the geometry of the circle, 
Iu =(45.22— 3.5600860?X10%) = 43.40%) mm? Ans. 
1, =(45.22+ 3.56c0860" X10%) = 47.010) mm* Ans. 
Lw =-3.S6sin60” = 3.08(10%) mm? Ans. 


1003 


10 Solutions 44918 1/28/09 4:22 PM Page 1004 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


e10-89. Determine the mass moment of inertia /, of the 
cone formed by revolving the shaded area around the z axis. 
The density of the material is p. Express the result in terms 
of the mass m of the cone. 


Differential Element: The mass of the disk element shown shaded in Fig. ais dn = pdV = p1r?d-. Here, r=y=1 2: 


Thus, dn = 01,12: deme mas momen oinri is cemen bo = ai isdl; => dm? = 30 ay? 


From the result of the mass, we obtain par, = 3m. Thus, / ¿ can be written as 


1 1 3 
l¿ =p [em nj? = ¿Gm? = qn? 
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10-90. Determine the mass moment of inertia /, of the 
right circular cone and express the result in terms of the 
total mass m of the cone. The cone has a constant density p. 


Differential Disk Element : The mass of the differential disk element is dm 
= pdV = pry dx = pro Jas The mass moment of inertia of this element 

Ñ doo 1 Po, e, a pr, 

is dl, = ¿my ¿jor(z" Ja" )> mm * dx. 


Total Mass : Performing the integration, we have 


O 


Mass Moment of Inertia : Performing the integration, we have 


som» 


A 
par , 5) to, 
L= = —— S o | S — 
,=)a,, a El, path 


The mass moment of inertia expressed in terms of the total mass is 


La —] =— 
z a (¿9aa): 0 Ans 
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10-91. Determine the mass moment of inertia /, of the 
slender rod. The rod is made of material having a variable 
density p = py(l + x/1), where py is constant. The cross- 
sectional area of the rod is A. Express the result in terms of 
the mass m of the rod. 


Differential Element: The mass of the differential element shown shaded in Fig. ais dn = pdV = pe 143 Jas > poA| 1+7 ja, 


where dA is the cross - sectional area of the rod. The mass moment of inertia of this element about the < axis is d/ ¿ = r?dn.Here, r =x 


3 
ma-rd (tardo 


Mass: The mass of the rod can be determined by integrating dn. Thus, 


0 aforado] 50 


Mass Moment of Inertia: Integrating d/, 


From the result of the mass, we obtain p¿Al -2m.Tmus, T, can be written as 


d 7(2 
l, = (Poné - (3 
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*10-92. Determine the mass moment of inertia /, of the 
solid formed by revolving the shaded area around the y 
axis. The density of the material is p. Express the result in 
terms of the mass mm of the solid. 


Differential Element: The mass of the disk element shown shaded in Fig. aisdn = pdV = pr” dy. Here, r= :=l he 


2 
Tis, de = pa + 7) dy = Ey 4ay.The mass moment of inertia of this element about the y axis is dí, =hám? 


Mass Moment of Inertia: Integrating d/ y, 


2m px 8 
sl a LE 
y” » | ” =). ri 


m 
225 -] = e 
512| 9 le 9 


From the result of the mass, we obtain 7p = 22. mus, 2, can be written as 
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e10-93. The paraboloid is formed by revolving the shaded 
area around the x axis. Determine the radius of gyration k. 
The density of the material is p = 5 Mg/m'. 


200 mm 


Differential Disk Element : The mass of the differential disk element is dm 
= pdV = pry* dx = pr(S0x) dx. The mass moment of inertia of this element 


1 1 
is dl, = ¿dmy' = ¿[pr(50x) dx](50x) = — (2500?) de. 


Total Mass : Performing the integration, we have 


m=f_dm= | 


200mm 


200mm 
px(S0x) dx = pr(25x*) l =1(10%) pr 


Mass Moment of Inertia : Performing the integration, we have 


1 = Sa, = [77 (aso) ás 


o 2 
200mm 
), 


=3.333( 10%) pr 


The radius of gyration is 


JE PREPA _ 
h=(2- 1(105) px e 
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10-94, Determine the mass moment of inertia /, of the 
solid formed by revolving the shaded area around the y axis. 
The density of the material is p. Express the result in terms 
of the mass m of the semi-ellipsoid. 


2 
Differential Element: The mass of the disk element shown shaded in Fig. ais dn = pdV = p1r?dy.Here, r=2=b faz. 
a 


2 
2 2 
Thus, dn ojo 65 7 1): Tem momen inicien aos dy iia == dm? 
a a 


z y A e 4 22 
A A | Llas=ttleZ ll > da 
¿om dy)" ¿On y soe del dy ¿pó ( 2|o 200 e 


Mass: The mass of the semi - ellipsoid can be determined by integrating dn .Thus, 


a 2 3 Y 
= = 2 0 = 2 e 4 al 
m j ón om ( Zo prb É 2) 3 Prab 


Mass Moment of Inertia: Integrating d/ ,,, 


1 di ji: 
ESE 


From the result of the mass, we obtain pmas?=22 Tus, 1, can be written as 


4 2.2 _4f3m1,.2 2..2 
= =—| prrab a a ==mb 
ly a jo En) 5 
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10-95. The frustum is formed by rotating the shaded area 
around the x axis. Determine the moment of inertia 1, and 
express the result in terms of the total mass m of the 
frustum. The material has a constant density p. 


dm = pdV= pay dx = pr( td + Ex 1? dx 

dl, = jdmy = ypry'dx 

dl, = ppr( tp + o + y 4 bae 

l= fal, = pom (+ o A az 


= Hprab* 


m=/_dm= pr (5er Per) jpxab? 


L = mo? 
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*10-96. The solid is formed by revolving the shaded area 
around the y axis. Determine the radius of gyration k,. The 
specific weight of the material is y = 380 Ib/ft. 


The moment of inertia of the solid : The mass of the disk element 
dm =pxédy= pay dy. 


- > 1 - 
m=/, dm=Lpx |, Y'dy=12.118p 


SEE 
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e10-97. Determine the mass moment of inertia /, of the 
solid formed by revolving the shaded area around the z axis. 
The density of the material is p = 7.85 Mg/m'. 


Differential Element: The mass of the disk element shown shaded in Fig. ais dn = pdV = pr? dy.Th 


of inertia of this element about the: axis is d/, = zan? = ¿onridar = ¿ont Here, r=7= 


1 (22) pr g 
a | E e 


Mass Moment of Inertia: Integrating d/ ,, 


4m 
sm » E LE, .8 
l J 4: Í, 32 E 


9 4 m 2 
Tn 
242) nm 


812| 9 9 


Substituting p =7.85(10? ) kg / minto £-, 
l= 2 ap[r.35a0”)]= 87.710?) kg-m? 
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10-98. Determine the mass moment of inertia /, of the 
solid formed by revolving the shaded area around the z axis. 


The solid is made of a homogeneous material that weighs 
400 Ib. 


x 


Differential Element: The mass of the disk element shown shaded in Fig. ais dn -(2ja =[Ljo?as st r=y=22, 


2 
Tus, dn =[ E J:2) e-(£ 4/3 4- The mass moment of inertia of this element about the < axis is dl, =3 dm? 


INE 


Mass: The mass of the solid can be determined by integrating dn. Thus, 


ñ 3 
m=f ón [ a 
o £ gi? 


The mass of solis m =P slug. Thus, 
a EP y =2321 10/13 
g TY 


Mass Moment of Inertia: Integrating d/,,, 
ft 
1=| a -fslL 8Bq El [30m] . 877367 
+ do 2le 2l gin” 8 


Substituting y =2.3211b/1'? and g = 32.2ft /s? into 1, 


- MICIM 2 9-1? 


k 32.2 
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10-99. Determine the mass moment of inertia /, of the 
solid formed by revolving the shaded area around the y axis. 
The total mass of the solid is 1500 kg. 


Differential Element: The mass of the disk element shown shaded in Fig. ais dn = paV = prr?dy.Here, r=z= q. 


2 
Thus, dn = pa 3597) dy = E- y dy The mass moment of inertia of this element about the y axis is d, = ón 2 


4 
ANAL REASON DE 
(omo)? 2E1g 22 z, ] o-2Ey%. 


Mass: The mass of the solid can be determined by integrating dm. Thus, 


m 
m 4 
pr 3. pxly 
=l dia lcd 7 od RA 4 
ll J y 1? a Pp 


The mass of the solid is m = 1500 kg. Thus, 


1500 = 4rmp paa kg/ m3 
T 


Mass Moment of Inertia: Integrating d/ y, 
7 
f,=| d,= =— 
y J y $ Si 


Substituting p = = kg/m? into /,, 


l, = 2a(5). 1.71(103) kg -m? 
d' T 
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*10-100. Determine the mass moment of inertia of the 
pendulum about an axis perpendicular to the page and 
passing through point O. The slender rod has a mass of 10 kg 
and the sphere has a mass of 15 kg. 


Composite Parts: The pendulum can be subdivided into two segments as shown in Fig. a. The perpendicular distances measured 
from the center of mass of each segment to the point O are also indicated. 


Moment of Inertia: The moment of inertia of the slender rod segment (1) and the sphere segment (2) about the axis passing 
through their center of mass can be computed from (Ig) = > mE and (16) = Zn 2 The mass moment of inertia of each segment 


about an axis passing through point O can be determined using the parallel - axis theorem. 
lo = Elg +md? 


= Eo 0.452) + 10(0.225? ) + E 1510.12) + 1,5(0.552 ] 


= 5.27 kg-m* 
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e10-101. The pendulum consists of a disk having a mass of 
6 kg and slender rods AB and DC which have a mass per unit 
length of 2 kg/m. Determine the length L of DC so that the 
center of mass is at the bearing O. What is the moment of 
inertia of the assembly about an axis perpendicular to the 
page and passing through point O? 


Location of Centroid : This problem requires  = 0.5 m. 


Lim 


2 — 
_ 1.5(6)+0.65[1.3(2)] +0[L(2)1 


q. 6+ 1.3(2) +L(2) 
L=6.39m Ans 


Mass Moment of Inertia About an Axis Through Point O : The mass 
moment of inertia of each rod segment and disk about an axis passing through 


the center of mass can be determine using (/¿), = me and (4), 
= mr” . Applying Eq.10- 15, we have 
lo =E (lo), +m,d? 
= zi 13(31(1.3*) +(13(231(0.15*) 


+ 16390) (6.39) +[6.39(2)](0.5*) 


+50(02) +6(1*) 


= 53.2 kg-m* 
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10-102. Determine the mass moment of inertia of the 
2-kg bent rod about the z axis. 


Composite Parts: The bent rod can be subdivided into two segments as shown in Fig. a. 


2k 
Mass moment of Inertia: Here, the mass for each segment is m; = m) = en =1 kg. The perpendicular distances measured 


from the centers of mass of segments (1) and (2) ared, = 0.15 mand d» = do? + 0.152 = J0.1125 m, respectively. Thus, 
the mass moment of inertia of each segment about the z axis can be determined using the parallel - axis theorem. 


1, = E(U, )g + ma? 
1 


=|L ino? x015?)| PB nc032)+1(J0:1125 *] 
[Ze x0.37)+1(0.157) [+] (MX +14 


= 0.150 kg- m? 


d,=foJom 
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10-103. The thin plate has a mass per unit area of 
10 kg/m?. Determine its mass moment of inertia about the 
y axis. 


Composite Parts: The thin plate can be subdivided into segments as shown in Fig. a. Since the segments labeled (2) are both holes, 
they should be considered as negative parts. 


Mass moment of Inertia: The mass of segments (1) and (2) are m; = 0.4(0.4X10) =1.6 kg and m, =(0.1 2110) =0.17kg. The 
perpendicular distances measured from the centroid of each segment to the y axis are indicated in Fig. a. The mass moment of inertia 
of each segment about the y axis can be determined using the parallel - axis theorem. 


ly = E (1, le + md? 


= 0504? + 1.02>| - 270 1 X0.1? )+ 0. 1r(0.2? )] 


=0.144kg-m? 
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*10-104. The thin plate has a mass per unit area of 
10 kg/m?. Determine its mass moment of inertia about the 
z axis. 


Composite Parts: The thin plate can be subdivided into four segments as shown in Fig.a. Since segments (3) and (4) are both holes, 
they should be considered as negative parts. 


Mass moment of Inertia: Here, the mass for segments (1), (2), (3), and (4) are m, = m) = 0.4(0.4X10) =1.6 kg and 


m3 = mg =1(0.1 2410) = 0.I1kg. The mass moment of inertia of each segment about the z axis can be determined using the 
parallel - axis theorem. 


1, = E(1, )g + ma? 


=: 15042)+| ¿U.004? + 0.42)+ 1.402?)| E FOtAX01?)- [301x017 )+0.15(022)| 


= 0.113kg-m? 
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e10-105. The pendulum consists of the 3-kg slender rod 
and the 5-kg thin plate. Determine the location y of the 
center of mass G of the pendulum; then find the mass 
moment of inertia of the pendulum about an axis 
perpendicular to the page and passing through G. 


Lym _ 1(3)+2.25(3) 
MS iaa Ans 


lo = Ll +md? 


5 GO? +X1.781 - 1) + DOS. 12)+5(2.25- 1.7819 


=44Skg. m Ane 
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10-106. The cone and cylinder assembly is made of 
homogeneous material having a density of 7.85 Mg/m'. 
Determine its mass moment of inertia about the z axis. 


Composite Parts: The assembly can be subdivided into a circular cone segment (1) and a cylindrical segment (2) as shown in Fig. a. 


Mass: The mass of each segment is calculated as 


m¡=pV= 0314) = 7.85(10* [015 x03| =17.66251r kg 


ma = pV) = plar”») S 78500*n(0.15?x0.3)] = 52.9875m kg 


Mass Moment of Inertia: Since the z axis is parallel to the axis of the cone and cylinder and passes through their center of mass, 
their mass moment of inertia can be computed from (1, y = - myr? and (1,)2 = qn ar?. Thus, 

l, = 41 +02 

= (7.6625 N0.15?) + ¿(5298751 X0.15?) 


= 2.247 kg-m?= 2.25 kg-m2? 
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10-107. Determine the mass moment of inertia of the 
overhung crank about the x axis. The material is steel 
having a density of p = 7.85 Mg/m?. 


m. = 7.85(10) ((0.090.01)*) = 0.1233 kg 


m) = 7.85( 10”) ((0.03X0.180X0.02)) = 0.8478 kg 


Lo ¡ooh +0.2x00)] 


+ [ose (0.03? +c0.1807)] 


=0.0032Skg- u? = 3.298: ul Anms 
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*10-108. Determine the mass moment of inertia of the 
overhung crank about the x' axis. The material is steel 
having a density of p = 7.85 Mg/m?. 


m, = 7.85(10')((0.05):(0.017) = 0.1233 kg 


m, = 7.85(10*)((0.03X0. 180X0.02)) = 0.8478 kg 


L- [zo 1259x0.0/7 ]»[5c0.1259x0.027 +00.1235x0.1207] 


+ [¿Osero(0.097 +(0.1807)+(0.8erex0.00y] 


=0.00719 kg-m? =7.19g-m2 Ans. 
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e10-109. Tf the large ring, small ring and each of the spokes 
weigh 100 lb, 15 lb, and 20 lb, respectively, determine the mass 
moment of inertia of the wheel about an axis perpendicular 
to the page and passing through point A. 


Composite Parts: The wheel can be subdivided into the segments shown in Fig. a. The spokes which have a length of (4— 1) = 3ft 


and a center of mass located at a distance of [ +2) =2.5 ft from point O can be grouped as segment (2). 


Mass Moment of Inertia: First, we will compute the mass moment of inertia of the wheel about an axis perpendicular to the page 
and passing through point O. 


= [10 142,+ g[ L/ 20 172, ,[ 2017 52, |, (15112 
10-52) Ir ajo y Jas ES ? 


= 84.94 slug -1? 


The mass moment of inertia of the wheel about an axis perpendicular to the page and passing through point A can be found using the 
parallel - axis theorem [4 = ly +md?, where m = E AN 2) A = 8.5404 slug and d = 4ft. Thus, 
32.2 32.2) 32.2 


La = 84.94 + 8.5404(4?)= 221.58 slug -£? = 222 slug-ft ? 
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10-110. Determine the mass moment of inertia of the thin 
plate about an axis perpendicular to the page and passing 


through point O. The material has a mass per unit area of 
20 kg/m?. 


150 mm 150 mm 


Composite Parts: The plate can be subdivided into the segments shown in Fig. a. Here. the four similar holes of which the 
perpendicular distances measured from their centers of mass to point C are the same and can be grouped as segment (2). 
This segment should be considered as a negative part. 


Mass Moment of Inertia: The mass of segments (1) and (2) are m, =(0.4X0.4X20) = 3.2 kg and m, = x(0.05? (20)= 0.0Sxkg, 
respectively, The moment of inertia of the plate about an axis perpendicular to the page and passing through pointC is 


Ic= 6304 + 0,42 )-4| 005% X0.052)+0.0571(0.15? ) 


= 0.7041 kg-m? 
The mass moment of inertia of the plate about an axis perpendicular to the page and passing through point O can be determined 


using the parallel - axis theorem /y = lc +md?, where m = m; - mz =3.2 - 4(0.051)= 2.5717 kg and d = 0.4sin 45. Thus, 
Io = 0.07041+ 2.571(0.4sin45”)? = 0.276 kg-m? Ans. 


0.45in45m 
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10-111. Determine the mass moment of inertia of the thin 
plate about an axis perpendicular to the page and passing 
through point O. The material has a mass per unit area of 
20 kg/m?. 


Composite Parts: The plate can be subdivided into two segments as shown in Fig. a. Since segment (2) is a hole, it should be 
considered as a negative part. The perpendicular distances measured from the center of mass of each segment to the pointO are 
also indicated. 


Mass moment of Inertia: The masses of segmemts (1) and (2) are computed as m; =5(02?x20) = 0.87 kg and m> = (0.2X0.2X20)= 0.8 kg. The moment of inertia of the 
point O for each segment can be determined using the parallel - axis theorem. 


lo = YlG +md? 


= [30sz xo.2?)+0.87(0.2? )| iS [zos xo.2? +0.22)+ 0.8(0.2 )| 


=0.113kg-m? 
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*10-112. Determine the moment of inertia of the beam's 
cross-sectional area about the x axis which passes through 
the centroid C. 


Moment of Inertia : The moment of inertia about the x axis for the composite 
beam's cross section can be determined using the parallel — axis theorem 
h =X(7, +44). 

ñ =[¿0(2) +0] 

2» 11 


«“¿:00m0(¿) «ha2a(¿X)] 


=0.0954d* Ans 


e10-113. Determine the moment of inertia of the beam's 
cross-sectional area about the y axis which passes through 
the centroid C. 


Moment of Imertia : The moment of inertia about yaxis for the composite 
beam's cross section can be determined using the parallel — axis theorem 
1 =X(1 +4d?),. 


1 3 
l [ola ) +0] 
+ ¿(01028878 +>(0)(028870)(0.59620* | 
=0.187d* Ans 
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10-114. Determine the moment of inertia of the beam's 
cross-sectional area about the x axis. 
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10-115. Determine the moment of inertia of the beam's 
cross-sectional area with respect to the x' axis passing 
through the centroid C. 


0.25(0.5)(4) + 2 1.5(2)(0.5) 
AN Sia 


E For +4(0.5X0.875-0.25)* +2 090Y +(0.5X2X(1.5-0.875)* 


=227in' Ans 


*10-116. Determine the product of inertia for the angle's 
cross-sectional area with respect to the x” and y” axes 
having their origin located at the centroid C. Assume all 
corners to be right angles. 


Ly = LEJA 


C 


(5 +20-51.37)67.37- 10)(180)(20) + (-(57.37 - 10))(-(100- 57.37))(200)(20) 


=17.1(10) mm'*  Ans 
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e10-117. Determine the moment of inertia of the area 
about the y axis. 


1 
Differential Element : Here, y = = (4-x?) . The area of the differential 


element parallel o they axis is de = yde =(4-1") dx. 


Moment of Inertia : Applying Eq. 10— 1 and performing the integration, we 
have 


10-118. Determine the moment of inertia of the area 
about the x axis. 


Differential Element : Here, y = z (4-x*) . The area of the differential 


element parallel to the y axis is dA = ydx . The moment of inertia of this 
differential element about the x axis is 


dl, = dl, +dAy? 
ral 
pny +yax(;) 
=[3(-2)] e 
= ¿(+ 120-400 +64) de 


Moment of inertia : Performing the integration, we have 


1 2n 
L= Sd, = 57 f_,, (a+ 125-480? +64) de 


A E e za 
a IM 


=0.610 fé 


1030 


10 Solutions 44918 1/28/09 4:22 PM Page 1031 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


10-119. Determine the moment of inertia of the area 
about the x axis. Then, using the parallel-axis theorem, find 
the moment of inertia about the x' axis that passes through 
the centroid C of the area. y = 120 mm. 


Differential Element : Here, x = /Z00y!. The area of the differential 
element parallel to the x axis is dA = 2xdy = 2/200y!dy . 


Moment of Inertia : Applymg Eq. 10- 1 and performing the integration, we 
have 


l= l y dA = [7/20 y ) 
Amp 


=914,29( 10%) mm' =914( 10%) mm'*  Ans 


The moment of inertia about the x' axis can be determined using the parallel — 
200mm 
axis theorem. The areas A =f da=/ 2,/200y dy =.53.33( 10") mm? 
A 


L =1,.+Ad? 
914,29( 10%) =7,. +53.33( 10”) ( 120?) 


L =146( 10%) mm* 
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*10-120. The pendulum consists of the slender rod OA, 
which has a mass per unit length of 3 kg/m. The thin disk 
has a mass per unit area of 12kg/m?. Determine the 
distance y to the center of mass G of the pendulum; then 
calculate the moment of inertia of the pendulum about an 
axis perpendicular to the page and passing through G. 


JA _0.75[1.50)]+ 1.8(x(0.3'(12)]- 1.8[0. 19(12)] 
- = 


1.5(3)+ (0.34(12) - (0. 1)*(12) 


=1.1113m=1.17m Ans 


la = [1-50N]A-+[1SON]AT1I0.79 + zrosran]os +0.372)]0-8-1.1713P 


- z[»o. 1*(12)]00.17 -[=0.1(12)]0.8-1.17137 — .299kg. m* 
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e10-121. Determine the product of inertia of the area 
with respect to the x and y axes. 


Differential Element : Here, x = y*. The area of the differential element 
U 
parallel to the x axis is dA 3 xdy = y*dy . The coordinates of the centroid for 
$058 
bis clementare£= 3 = y, Y = y. Then the product of inertia for this element i 


dl,, =dl,.,. +dA35 
= ova) 0 
= o 


Product of Inertia : Performing the integration, we have 


lam] as 3 ala 
1, =Í4, = f, 9-0, =0.1875 m' 
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e11-1. The 200-kg crate is on the lift table at the position 
9 = 30”. Determine the force in the hydraulic cylinder AD 
for equilibrium. Neglect the mass of the lift tables 
components. 


Free - Body Diagram: When 0 undergoes a positive virtual displacement of $0, the dash line configuration 
shown in Fig. a is formed. We observe that only the force in hydraulic cylinder F¿p acting at point D and the 
weight of the crate W, do work when the virtual displacements take place. 


Virtual Displacement: The position of F¿p acting at point D and the point of application of Wy are specified by 
the position coordinates y y, and y ,, measured from the fixed point B. 

yp = 2.4sin9 $yp = 2.4005 000 (0) 

yy = 2(2.4sin 0)+ b Sy, = 4.8008 659 (2) 


Virtual Work Equation: Since F¿p acts towards the positive sense of its corresponding virtual displacement, ¡ts 
work is positive. The work of W y is negative since it acts towards the negative sense of its corresponding virtual 
displacement 

SU =0, Fan óp + [-200(9.81)Ó) ] = 0 a 
Substituting Eqs. (1) and (2) into Eq. (3), 


Fap (2.4c0s 688 ) - 200(9.81X4.8c0s 009 )= 0 
cos 659(2.4 Fyp — 9417.6)= 0 


Since cos 608 + 0, then 
2.4Fyp - W17.6=0 
Fap =394N =3.92 kN 


Note. F gp remains constant regardless of angle 6. 


Wy=200(9-81) Ñ 
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112. The uniform rod OA has a weight of 10 lb. When the 
rod is in a vertical position,0 = 0”,the spring is unstretched. 
Determine the angle 0 for equilibrium if the end of the spring 
wraps around the periphery of the disk as the disk turns. 


k = 30 1b/£t 


Free Rudy Diagram : The system has only one degree of freedom defined by 
the independent coordinate 9. When O undergoes a positive displacement 50, 
only the spring force and the weight of rod (10 Ib force) do work. 


Virtual Displacements : The 10 lb force is located from the fixed point Ó 
using the posiuon coordinate yy, and the virtual displacement of point C is Óxc. 


Ya =lcos O Sy =-sin 089 (0 
$x¿ =0.559 (2] 


Virtual - Work Equation : When points B and C undergo positive virtual 
displacements Sy and 8xc, the 10 1b force and the spring force E, , do > sud 
work. 


$U=0;, «—108y¿«eF;, Óx( =0 [3] 


Substimang Eqs. 1] and [2] into (3] yields 


(- 10sin 6.»0.5F,, ) 89=0 14) 


However, from the spring formula, F,, = kx = 30(0.58) = 156. Substiuuting 
this value into Eq. [4] yields 


(- 10sin 0.-+7.50) 59 =0 


Since 58 x 0, then 
“-J0sin 07.59 =0 


Solving by trial and error 
A=0 and 0=73,1* 
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113. The “Nuremberg scissors” is subjected to a 
horizontal force of P = 600 N. Determine the angle 0 for 
equilibrium. The spring has a stifíness of k = 15 kN/m and 
is unstretched when 0 = 15”. 


Free - Body Diagram: When O undergoes a positive virtual angular displacement of $6, the dash line configuration 
shown in Fig. a is formed. We observe that only the spring force Fsp acting at points A and B and the force P do work 
when the virtual displacements take place. The magnitude of Fsp can be computed using the spring force formula, 


Fs = kx = 15107 )[20.2sin 0) — 20.2sin15*)] = 6000sin6 — 0.2588)N. 


Virtual Displacement: The position of points A and B at which F,, acts and point C at which force P acts are specified by 
the position coordinates y 4, yg, and yc, measured from the fixed point E, respectively. 

YA = 0.2sin0 ÓYA = 0.2c0s 059 (1) 

y = X0.2sin 6) $yg = 0.6c0s 600 (2) 

yc = 8(0.2sin0) $y = 1.6c0s060 (3) 


Virtual Work Equation: Since Fsp at point A and force P acts towards the positive sense of its corresponding virtual 
displacement, their work is positive. The work of Fs at point B is negative since it acts towards the negative sense of its 


corresponding virtual displacement. Thus, 


SU =0, FspóY a +(—FspOyp ) + Póyc =0 (4) 


Substituting F,p =6000(sin9 — 0.2588), P =600N, Eqs. (1), (2), and (3) into Eq. (4), 
6000(sin0 — 0.2588)(0.2cos 869 — 0.6005 659) + 600(1.600s 059) = 0 
cos 089|-2400(sin9 — 0.2588) + 960] = 0 


Since cos 600 + O, then 
-2400(sin09 — 0.2588) +960= 0 
0 =41.2* 


11 Solutions 44918 1/29/09 12:42 PM Page 1037 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*11-4. The “Nuremberg scissors” is subjected to a 
horizontal force of P = 600 N. Determine the stiffness k of 
the spring for equilibrium when 0 = 60”. The spring is 
unstretched when 0 = 15”. 


Free - Body Diagram: When 0 undergoes a positive virtual angular displacement of $0, the dash line configuration 
shown in Fig. a is formed. We observe that only the spring force F sp acting at points A and B and the force P do work 
when the virtual displacements take place. The magnitude of Fsp can be computed using the spring force formula. 


Fsp = kx = H2(0.2sin6)- 2(0.2sin 15) =(0.4)K(sin9 - 0.2588) N 


Virtual Displacement: The position of points A and B at which Fs acts and point C at which force P acts are specified by 
the position coordinates y 4, yg, and yc, measured from the fixed point E, respectively. 

YA = 0.2sin0 $y 4 = 0.2008 008 (1) 

y = X0.2sin 6) $y y = 0.600s 000 (2) 

yc = 8(0.2sin0 ) $yg = 1.6005000 a 


Virtual Work Equation: Since Fsy at point A and force P acts towards the positive sense of its corresponding virtual 
displacement, their work is positive. The work of Fsp at point B is negative since it acts towards the negative sense of its 
corresponding virtual displacement. Thus, 

$U =0, EspÓYA +(- “pW3 ) + Póyc =0 (4) 


Substituting Fs, =k(sin0 — 0.2588), P = 600 N, Eqs. (1), (2), and (3) into Eq. (4), 
(0.4)k(sin0 — 0.2588)(0.2 005049 — 0.600s 059) + 60 1.6c0s 050) = 0 
cos 659|-0.16k(sin9 —0.2588) + 960] = 0 


Since cos 658 + 0, then 
—0.16kKsin0 — 0.2588) + 960 = 0 


= 9881 N /m= 9.88 kN / m 
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e11-5. Determine the force developed in the spring 

required to keep the 10 lb uniform rod AB in equilibrium 

when 0 = 35%. k= 15 lb/ft 
INV 


M=101lb- ft 


Free - Body Diagram : The system has only one degree of freedom defined by 
the independent coordinate 9. When 0 undergoes a positive displacement 50, 
only the spring force F,, the weight of the rod(10 lb) and the 10 1b + ft couple 
moment do work, 


Virtual Displacements : The spring force F,, and the weight of the rod 
(10 lb) are located from the fixed point A using position coordinales x ¿and 
Xc + respectively. 


xXx =6c0s0  óxg =-6sin 050 11) 
Y»c=3sin8  Sy¿=3cos 050 2] 


Virtual - Work Equation : When points B and C undergo positive viral 
displacements $xg and $y¿, the spring force F and the weight of the rod 
(10 1b) do negative work. The 10 lb - ft couple moment does negative work 
when rod AB undergoes a positive virmal rotation $0. 


SU=0;,  -—E,ó6xz-108y¿-1089=0 
Substituting Eqs.(1] and (2] into (3) yields 
(6F,, sin 0-30cos 9-10) 50 =0 
Since $8 x 0, then 
6F, sin 0 30cos 0- 10=0 


F _ 30cos 9+10 
”"— 6sin8 


Al the equilibrium position, O = 35", Then 


_ JOcos 35" +10 


== —_—_—_—_—— = 10.0 lb 
ad 6sin 35 
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116. Ifa force of P = 51b is applied to the handle of the 
mechanism, determine the force the screw exerts on the cork 
of the bottle. The screw is attached to the pin at A and passes 
through the collar that is attached to the bottle neck at B. 


Free - Body Diagram: When O undergoes a positive virtual angular displacement of $0, the dash line configuration 
shown in Fig. a is formed. We observe that only the force in the screw Fs and force P do work when the virtual displacements 
take place. 


Virtual Displacement: The position of the points of application for F, and P are specified by the position coordinates y and y p, 
measured from the fixed point B, respectively. 

yA = A3sin 0) dy, = 6cos 050 (1 

yp = (3sin6) $yp = 18008 060 (2) 


Virtual Work Equation: Since P acts towards the positive sense of its corresponding virtual displacement, it does positive work. 
However, the work of F, is negative since it acts towards the negative sense of its corresponding virtual displacement. Thus, 
$U =0, Póyp +(-Féya)=0 (3 


Substituting P = 5 lb, Egs. (1) and (2) into Eq. (3), 
5(1800s 650 ) — F, (6005050 )= 0 
cos 658(90 — 6F, ) = 0 


Since cos 608 + O, then 
90 -6F,=0 
F, =15 lb 
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117. The pin-connected mechanism is constrained at A by 
a pin and at B by a roller. If P = 10 1b, determine the angle 
9 for equilibrium. The spring is unstretched when 0 = 45%. 
Neglect the weight of the members. 


xa l|c0s0 

F,=ks;  F = S0icos 9 — 1cos 45*) 
SU =0; -Fx+Pó=0 
-SNlcos 9 — lcos 45) + 10 = 0 


98 =249 — Ans 
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*11-8. The pin-connected mechanism is constrained by a 
pin at A and a roller at B. Determine the force P that must 
be applied to the roller to hold the mechanism in 
equilibrium when 0 = 30”. The spring is unstretched when 
0 = 45”. Neglect the weight of the members. 


x= loosÓ 
SU =0; Pé-Fór =0 
Px=F. 
When Ó = 45%, x = lcos 45” = 0.7071 ft 
When 0 = 30%, x = 1cos 30? = 0.86602 ft 
FE, =ks  F = 50(0.86602 - 0.7071) = 7.95 lb 


P=7.95lb Ans 
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e11-9. Ifa force P = 100 N is applied to the lever arm of 
the toggle press, determine the clamping force developed in 
the block when 0 = 45”. Neglect the weight of the block. 


Free - Body Diagram: When 9 undergoes a positive virtual angular displacement of 50, the dash line configuration shown in Fig. 
ais formed. We observe that only force P and the clamping force F¿ do work when the virtual displacement takes place. 


Virtual Displacement: The position of point Dat which Fg acts is specified by the position coordinate y. 
yp = 20.20080) $yp = -0.Asin 060 (1) 


Since $9¡s very small, the virtual displacement of point A at which force P acts is 
Sy A = 0.550 (2) 


Virtual Work Equation: Since Fg and Pact towards the negative sense of their corresponding virtual displacements, their work is 
negative, Thus, 
SU =0, -Póya +(-Fe9p) =0 (€) 


Substituting P = 100 N, Eqs. (1) and (2) into Eq. (3), 
—100(0.559 )— Fg(-0.4sin 088) = 0 
$0(-50+ 0.4Fg sin8)=0 


Since 50 + 0, then 
-50+ 0.4F sin0 =0 


a = 176.78N =177N 
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11-10. When the forces are applied to the handles of the 
bottle opener, determine the pulling force developed on 


the cork. 


Free - Body Diagram: When the handle undergoes a virtual angular displacement of $6, only forces P and F do work, 


Fig. a. 
Virtual Displacement: Since $8 ¡is very small, the virtual displacements of forces P and F can be approximated as 
(0) 


$p = 0.0950 
2) 


Íf = 0.01500 
Virtual Work Equation: Since P acts towards the positive sense of its corresponding virtual displacement, its work is 
positive. However, force F does negative work since it acts towards the negative sense. 
SU =0, APSp)+(-FSF)= 0 (3 
Substituting P= 5 N and Egqs. (1) and (2) into Eq. (3), 


2/5(0.0958 )| - F(0.01558) = 0 
88(0.9 -0.015F) =0 


Since $9 + O, then 
0.9-0.015F =0 


F=60N 


l 
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11-11. If the spring has a stiffness k and an unstretched 
length /y, determine the force P when the mechanism is in 
the position shown. Neglect the weight of the members. 


y=Ucoos0,  $y= -25in0 50 
xuism0,  —¿x =105059 
B8U=0 -Pér-F, 8y=0 
-P(l 000 50) + F, (21 sin0 59) = 0 


-P 0050 + 2F, sim9 = 0 


F, = K2110m10 - k) 


P = m0 (cos0 - lb) Ame 


*11-12. Solve Prob. 11-11 if the force P is applied 
vertically downward at B. 


n = 10080, En = -15i0089 

y = Ucos8, Sy = -Usim9 39 

sU=0, Pin-FEón=0 
PC-1 sin6) 89 - F,(-Usin0 ) E9=0 
P =2f, 


F, =ks, F,= 210050 — b) 


P = 2400080 - Lk) 
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e11-13. Determine the angles 9 for equilibrium of the 
4-lb disk using the principle of virtual work. Neglect the 
weight of the rod. The spring is unstretched when 0 = 0” and 
always remains in the vertical position due to the roller guide. 


k = 50 1b/ft 


Free Body Diagram : The system has only one degree of freedom defined by 
the independent coordinate 9. When 8 undergoes a positive displacement $6, 
only the spring force F,, and the weight of the disk (4 lb) do work. 


Virtual Displacements : The spring force F,, and the weight of the disk 
(4 lb) are located from the fixed point B using position coordinales y and y, , 
respectively. 


yc=1Isin08  $y¿=cos 060 (y 
y, =3sin9 Sy, = 3cos 060 [2] 


Virtual - Work Equation : When points C and A undergo positive virtual 
displacements Sy ¿and 5y, . the spring force E, does negative work while the 
weight of the disk (4 Ib) do positive work. 


48y, -FpÓyc =0 (3) 


Substiwting Eqs. (1) and (2) into (3] yields 


(12-E,) cos 659 =0 


However, from the spring formula, E, = kx = 50(1sin 6) = 50 sin 6. 
Substiruting this value into Eq. [4] yields 


(12- SOsin 6)cos 650 =0 


12 -SOsin 6 =0 9= 13.9 


cos9=0  0=90* 
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11-14. The truck is weighed on the highway inspection 
scale. If a known mass m is placed a distance s from the 
fulcrum B of the scale, determine the mass of the truck m, if 
its center of gravity is located at a distance d from point C. 
When the scale is empty, the weight of the lever ABC 
balances the scale CDE. 


SU =0,  (WXsó0) - Wa $0 =0 


(Ws - WaJó0 = 0 


m) 


2 a(2) 0 
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11-15. The assembly is used for exercise. It consists of four 
pin-connected bars, each of length £, and a spring of 
stifíness k and unstretched length a (< 2£). If horizontal 
forces are applied to the handles so that 0 is slowly 
decreased, determine the angle 9 at which the magnitude of 
P becomes a maximum. 


Free Body Diagram : The system has only one degree of freedom defined by 


the independent coordinate 6. When 0 undergoes a positive displacement $8, 
the spring force E, and force P do work. 


Virtual Displacements : The spring force E, and force P are located 
from the fixed point D and A using position coordinates y and x , respectively. 


y=Lcs 8  8y=-Lsin 050 (1) 
x =Lsin 0 $x = Lcos 050 [2] 


Virtual - Work Equation : When points A, C, B and Dundergo positive 
virwal displacement Sy and 3x, the spring force F,, and force P do negative 
work. : 
SU=0;  -2£,8y-2P8x=0 (a 
Substimting Eqs. (1) and (2] into [3] yields 
(2E, sin 9-2Pcos 0) L$0 = 0 
From the geomeny, the spring sweiches $= 2Lcos0—a Then, the spring 
force F,, = k$= k(2Lcos8— a) = 2kLcos09—ka Substimting this value into 
Eq.(4] yields 
(4kLsin 6cos 9 2kasin O 2Pcos 9) LS0 =0 
Since L99 x 0, then 


4kLsin O6cos 9 2kasin 9-2Pcos O =0 
P = k(2Lsin 6-— aan 6) 


dP 
In order to obtain maximum P, 25 =0. 


de mE 
76 =*(2Lcos0 asec*0) =0 


e-ar(5) 
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*11-16. A 5-kg uniform serving table is supported on each 250 mm 150 mm 
side by pairs of two identical links, AB and CD, and springs 

CE. If the bowl has a mass of 1 kg, determine the angle 0 

where the table is in equilibrium. The springs each have a 

stiffness of k = 200 N/m and are unstretched when 6 = 90". 

Neglect the mass of the links. 


Free - Body Diagram: When O undergoes a positive virtual angular displacement of $0, the dash line configuration shown in Fig. 
a is formed. We observe that only the spring force F,,, the weight W, of the table, and the weight W; of the bowl do work when 
the virtual displacement takes place. The magnitude of F, can be computed using the spring force formula, 

Fsp = kx = 200(0.25c050 )= 50cos ON. 


Virtual Displacement: The position of points of application of W,, W,, and Fs, are specified by the position coordinates yg, , Yg, + 
and xc, respectively .Here, yg, and yg, are measured from the fixed point B while xc is measured from the fixed point D. 

YG, =0.25sin0 + b dyG, = 0.25005660 (1) 

YG, = 0.25sin8 + a dG, = 0.25 008059 (2) 

xq =0.250080 áxc = -0.25sin 060 (€) 


Virtual Work Equation: Since W¿, W,, and F,, act towards the negative sense of their corresponding virtual displacement, their 
work is negative. Thus, 
su =0 Web, + Wbr6,) +(—Epác)=0 (4) 


Substituting W; -($)0:31=as0sn, w -(5)p80- 24.525N, F,, = S0cosON, Egs. (1), (2), and (3) into Eq. (4), we have 


-4,90X0.25c0s 6509 ) - 24.525(0.25c05650 )-— 50 cos0(-0.25sin000 )= 0 
$0(-7.35750080 + 12.5sin 9 cos 0) = 0 


Since $0 + O, then 
-7.35750080 + 12.5sin0 co0s0 = 0 
cos 0(-7.3575 + 12.5sin9)= 0 


Solving the above equation, 
cos8=0 0 =907 
-7,3575+ 12.5sin9 =0 
8 =36.1" 
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e11-17. A 5-kg uniform serving table is supported on each  250mm  ¡150mm 
side by two pairs of identical links, AB and CD, and springs 
CE. If the bowl has a mass of 1 kg and is in equilibrium when 
9 = 45”, determine the stiffness k of each spring. The springs 
are unstretched when 0 = 90”. Neglect the mass of the links. 


Free - Body Diagram: When 0 undergoes a positive virtual angular displacement of $6, the dash line configuration shown in Fig. 
ais formed. We observe that only the spring force F,,, the weight W, of the table, and the weight W of the bowl do work when 
the virtual displacement takes place. The magnitude of Fs, can be computed using the spring force formula, 

Fsp = kx = k(0.250050 )= 0.25k c0s0. 


Virtual Displacement: The position of points of application of W;, W;, and Fs, are specified by the position coordinates yg, . NG, » 
and xc, respectively.Here, yg, and yg, are measured from the fixed point B while xc is measured from the fixed point D. 

YG, = 0.25sin0 + b 96, = 0.25008050 (1) 

Ya, = 0.25sin0 + a 8yG, = 0.25005089 (2) 

xq =0.25008 0 óxc =-0.25sin 060 (€) 


Virtual Work Equation: Since W¿, W,, and F,, act towards the negative sense of their corresponding virtual displacement, their 
work is negative. Thus, 


$U=0 WibrG, + [WidyG,)+(-FEpárc)=0 (4) 


Substituting W, (5)o0 =4.005N, W, -(3)o80 =24.525N, F,y =025ivos ON, gs. (1). (2), and (3) into Eg. (4), we have 
-4.9030.25008 050) 24.525(0.25008059)- 0.25k cos0(-0.25sin080)=0 
S9(-7.3575c050 + 0.0625ksin0 c0s0)= 0 


Since $0 + 0, then 
-7.35750080 + 0.0625k sin0 cos 9 = 0 


Y 


OIEMEN 02GSMOM 


(2) 
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11-18. If a vertical force of P = 50N is applied to the 
handle of the toggle clamp, determine the clamping force 
exerted on the pipe. 


Free - Body Diagram: When O undergoes a positive virtual angular displacement of $6, the dash line configuration shown in Fig. a 
is formed. We observe that only force P and the clamping force F do work when the virtual displacement takes place. 


Virtual Displacement: Since Ó0is very small, the virtual displacement of point C can be appoximated by $ = «0.0459 m. From 
the geometry shown in Fig. b, the horizontal and vertical components of dc are given by (8c), =6$c sin8 = «J0.045 sinG$9 and 
($c)y =8c 00s0 = J0.045 cos060, respectively. By referring to Fig. a, we notice that 54 = (S( )y = )0.045 sin680. Also, 

= Ír 


o ¿e or $, =0.666784 =0.6667J0.045 sin989 


and 


0) J0.045 cos0 50 


= 3.333.40.045 
03 03 3.333-J0.045 cos 059 


ár 


Sp =0.Sé+(8c), = 0.93333)0.045 cos660 )+ Jo.045 c0s059 = 2.6667.J0.045 cos 858 


Virtual Work Equation: Since Facts towards the positive sense of its corresponding virtual displacements, its work is positive. 
However, P does negative work since it acts in the negative sense of its corresponding virtual displacement. Thus, 
gU=0 FóF +(-P8p)=0 


Substituting P= 50 N and the results of $ and gp into the above equation 
Fl (0.6667 J0.045 sin600 )— 50(2.66674| 0.045 cos698)= 0 
.)0.04559(0.6667F sinó — 133.33 0080 )= 0 


Since /0.04558 + 0, then 
0.6667F sin6 — 133.33 0080 = 0 
_ 2000080 


F 
sinO 


At0 =45", 
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11-19. The spring is unstretched when 9 = 45” and has a 
stiffness of k = 1000 lb/ft. Determine the angle O for 
equilibrium if each of the cylinders weighs 50 lb. Neglect the 
weight of the members. The spring remains horizontal at all 
times due to the roller. 


Free - Body Diagram: When O undergoes a positive virtual angular displacement of 00, the dash line configuration shown in Fig. 
a is formed. We observe that only the spring force Fs, and the weight W of the cylinder do work when the virtual displacement 
takes place. The magnitude of F,,, can be computed using the spring force formula, 


Fs, = kx = 1000(2sin 45* —2sin8) = 2000(0.7071 — sin8) Ib. 


Virtual Displacement: The positions of the points of application of W and F,,, are specified by the position coordinates yy andxg, 
measured from the fixed point A. 

yw = 40080 +b Y w = Asin 000 (1 

Xg = 2sin0 Óxg = 200s 0509 (2) 


Virtual Work Equation: Since W and Fs, act towards the positive sense of their corresponding virtual displacements, their work is 


positive. Thus, 
gu =0, 2W8y y + Fspág =0 €) 


Substituting W =50 lb, Fsp =2000(0.7071 — sin6 ), Eqs. (1), and (2) into Eq. (3), 
2(S0X—4 sin6589 ) + 2000(0.7071 — sin9 (2005059 )= 0 
$0(-400sin6 + 2828.4300s O — 4000cos O sin9 ) = 0 


Since $8 + 0, then 
—400sin0 + 2828.43 cosO — 40000080 sin9 = 0 


Solving by trial and error, 
0 =38.8" 
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*11-20. The machine shown is used for forming metal 
plates. It consists of two toggles ABC and DEF, which are 
operated by the hydraulic cylinder. The toggles push the 
moveable bar G forward, pressing the plate into the cavity. 
If the force which the plate exerts on the head is P = 8kN, 
determine the force F in the hydraulic cylinder when 
9 = 30". 


Free - Body Diagram: When 0 undergoes a positive virtual angular displacement of $0, the dash line configuration shown in Fig. 
ais formed. 


Virtual Displacement: The position of points of application of F, and P are specified by the position coordinates yg, yg, , 
and xG, respectively. 


YE = 0.2sin0 Sy É = 0.200s 050 

yp = 0.2sin0 $yg = 0.2005 090 

xG = 2(0.20080) áxG = 0.4 sin0d0 
Virtual Work Equation: Thus, 


Su =0 —Fóyg +(-Fóyg )+ (-Páxg)=0 


Substituting Egqs. (1), (2), and (3) into Eq. (4), we have 


99(-04F cos + 0.4Psin0) = 0 


Since 08 + 0, then 
—Q,4F cos8 + 0.4P sinó = 0 
F =Ptanó0 


cd 


When € =30", P= 8 kN then 


he 


F = 8tan30” =4.62 kN 


a e ae 
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.e11-21. The vent plate is supported at B by a pin. If it weighs 
15 Ib and has a center of gravity at G, determine the stiffness 
k of the spring so that the plate remains in equilibrium at 
90 = 30”.The spring is unstretched when 0 = 0”. 


Free Body Diagram : The system has only one degree of freedom defined by 
the independent coordinate 6. When 6 undergoes a positive displacemen: $0, 
only the spring force F,, and the weight of the vent plate (15 lb force) do work. 


Virtual Displacements : The weight of the vent plate (15 Ib force) is located 
from the fixed point B using the position coordinate yg. The horizontal and 
vertical position of the spring force F,, are measured from the fixed point B using 
the position coordinates x, and y, . respectively. 


Ya =0.5c0s 8 Sy¿=-0.Ssin 989 (1) 
Ya = Icos 9 $y, = -sin 050 (2] 
x, = 1sin 9 $x, =cos 059 (3] 


Virtual - Work Equation : When yz, y, and x, undergo positive virmal 
displacements Syg. Sy, and $x, , the weight of the vent plate (15 lb force), 
horizontal component of FE,, F,,cos $ and vertical component of F,, E, sin $ 
do negative work. 


- E, cos 0 óxa as E, sin A 158y5 =0 [4] 
Substituting Eqs.([1], [2] and [3] into [4] yields 


(-E, cos 6cos $ + Fs, sin Osin $ +7.Ssin 0) $9 =0 
(-E,cos(9+ $) +7.Ssin 0) 59 =0 


Since $9 + 0, then 
-F,cos(0+ $) +7.5sin 0=0 
7.Ssin O 


Ep = cos(8+ p) 


1cos 30% 


us 2. -! 
At equilibrium position 6 = 30*, the angle $ = tan (as 


)- 10.89". 


7.Ssin 30? 


o 02. 4.961 Do 
7 Cos(30*+ 10.89%) 


Spring Formula : From the geometry, the spring stretches 
x=/8+ 12 -2(4) (1) cos 120" — /42 + 12 = 0.4595 fi 
E, =kx 
4.961 = k(0.4595) 
k = 10.8 lb/ft 
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11-22. Determine the weight of block G required to 

balance the differential lever when the 20-Ib load F is l 
placed on the pan. The lever is in balance when the load and y ] A ] 
block are not on the lever. Take x = 12 in. 


Free - Body Diagram: When the lever undergoes a virtual angular displacement of 98 about point B, the dash line configuration 
shown in Fig. a is formed. We observe that only the weight Wg of block G and the weight W ¿ of load F do work when the virtual 
displacements take place. 


Virtual Displacement: Since dyg is very small, the vertical virtual displacement of block G and load F can be approximated as 
ÍyG = (12+4)P8 = 1650 (1) 
Sy = 260 (2) 


Virtual Work Equation: Since Wg acts towards the positive sense of its corresponding virtual displacement, its work is positive, 
However, force W does negative work since it acts towards the negative sense of its corresponding virtual displacement. Thus, 


SU =0, Wadya +(-WpyF) =0 5 


Substituting Wg = 20 Ib and Eqs. (1) and (2) into Eq. (3), 
Wa(1650)- 20280) = 0 
S0(1WG - 40) =0 


Since $9 + O, then 
15WG -40=0 
Wa =2.51b 
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2 lb, determine its position x for equilibrium of the 
differential lever. The lever is in balance when the load and aan 
block are not on the lever. 


11-23. If the load F weighs 20 lb and the block G weighs 4 id 4 “ 
€ G 
pm] 


Free - Body Diagram: When the lever undergoes a virtual angular displacement of 98 about point B, the dash line configuration 
shown in Fig. a is formed. We observe that only the weight Wg of block G and the weight VW p of load F do work when the virtual 
displacements take place. 


Virtual Displacement: Since dyg is very small, the vertical virtual displacement of block G and load F can be approximated as 
0yG = (4+x)08 (1) 
dyF = 260 (2) 


Virtual Work Equation: Since Wg acts towards the positive sense of its corresponding virtual displacement, its work is positive. 
However, force W does negative work since it acts towards the negative sense of its corresponding virtual displacement. Thus, 


SU=0 Wo +(—WpóyF)=0 (3 


Substituting W = 20 1b, Wa = 2.1b, Eqs. (1) and (2) into Eq. (3), 
2(4+x 0 - 20260 ) = 0 
$0[X4+x)- 40] = 0 


Since 98 4 0, then 
24+x)-40=0 
x= 16 in. 
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*11-24. Determine the magnitude of the couple moment 
M required to support the 20-kg cylinder in the 
configuration shown. The smooth peg at B can slide freely 
within the slot. Neglect the mass of the members. 


Free - Body Diagram: When 9 undergoes a positive virtual angular displacement of 00, the dash - line configuration shown in 
Fig. a is formed. We observe that only the couple moment M and the weight W¿ of the cylinder do work when the virtual 
displacement takes place. 


Virtual Displacement: The position of the point of application of W. is specified by the position coordinate yg , measured from the 
fixed point C. 
YE = b- 2.5sin0 Sy E = 2.5005 000 (1) 


From the geometry shown in Fig. b, we obtain 


Virtual Work Equation: Since Mand W £ act in the positive sense of their corresponding virtual displacements, their work is positive. 
Thus, 
$U =0, MÓS + We Óy g =(0 1) 


Substituting Wg = 20(9.81) N and Egs. (1) and (2) into Eq. (3), 
M(288) + 20(9.81)( 2.5005 059) = 0 
$0(2M - 4905008 0)=0 


Since $8 + 0, then 
2M -490.5005 0 = 0 
M =245.250080 


At0 = 30", 
M = 245.2500s 30” = 212N -m 
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e11-25. The crankshaft is subjected to a torque of 
M = 50lb-ft. Determine the vertical compressive force F 
applied to the piston for equilibrium when 6 = 60". 


Free Body Diagram : The system has only one degree of freedom defined by the 
independent coordinate 6. When 9 undergoes a positive displacement $0, only the 
force F and couple moment M do work. 


Virtual Displacements : Force F is located from the fixed point A using the 
positional coordinate y. Using the law of cosines. 


$ = y¿+3*-2(yc)(3) cos(90* - 6) 


However, cos(90*- 0) = sin8. Then Eq.[1] becomes 25 = y +9- 6ysin0. 
Differentiating this expression, we have 


0= 2yc8yc - 60y¿sin9 - 6y ¿cos OS 
_ 6y¿cos O 
yc = bd” (2] 


Virtual - Work Equation : When point C undergoes a positive virmal displacement 
Íyc. force F does negative work. The couple moment M does positive work when 
link AB undergoes a positive virmal rotation $8. 


3U=0;  -—FSy+M80=0 (31 


Substimtng Eq.(2] into [3] yields 


6y¿cos O 
( Dye —ésin 6 ¿Fm)ó0=0 


6y¿cos Le) 
2yc —6Gsin 6 
2 — 6si 
3 YC ósin 9 
6y¿cos Li) 


F+M=0 


F 


At the equilibrium position, 9 = 60”. Substiuting into Eq.(1], we have 


$ =y +3 -2(y0)(3) cos 30? 
Yc =7.368 in. 


Substituting the above results into Eq. [4] and sening M= 50 lb - ft, we have 


ad 
6(7.368) cos 60? 


Js002iny/2 =259lb  Ans. 
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11-26. If the potential energy for a conservative one- 
degree-of-freedom system is expressed by the relation 
V = (4x* — x? — 3x + 10) ft- lb, where x is given in feet, 
determine the equilibrium positions and investigate the 
stability at each position. 


Vadr -e-3x+ 10 


Sa 124-2%-3=0 


qa 2/2 
24 


x20.590f ad  -0.424R 


dy 
q .-2 


. Ay 
At x=0.590 ft qe "240.590)-2=12.2>0 stable  Ans 


> ey 
At x=-0.424 fi qe *24-0.424)-2=-12.2<0 caastable — Ans 


11-27. If the potential energy for a conservative one- 
degree-of-freedom system is expressed by the relation 
V = (24 sin 0 + 10cos 20) ft-lb, 0? <= O <= 907, determine 
the equilibrium positions and investigate the stability at 
each position. 


V= 24sin9+ 10cos20 
Equilibrium Position : 

2. 24c050- 20sin20 =0 
24c059-40sin8cos8 =0 
cos0(24- 40sin9) =0 
cosó =0 


24-40sin0 =0 


Av : 
34 = -40c0s29- 24sin9 


LE —40cos 180 —24sia90* = 16>0 stable  Ans 


=. -40c0873.7* - 24sin36.9* = -25.6<0 unstable — Ans 
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*11-28. If the potential energy for a conservative one- 
degree-of-freedom system is expressed by the relation 
V = (3y? + 2y? — 4y + 50) J, where y is given in meters, 
determine the equilibrium positions and investigate the 
stability at each position. 


Potential Function: 
V =3y3 +2y? —4y+ 50 


Equilibrium Configuration: Taking the first derivative of V, 


day 
Aty = 0.481 m, pr =12.7>0 Stable Ans, 


2; 
Aty = 925 m, Q- -12.7<0 Unstable Ans. 
d0 
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e11-29. The 2-Mg bridge, with center of mass at point G, is 
lifted by two beams CD, located at each side of the bridge. 
If the 2-Mg counterweight E is attached to the beams as 
shown, determine the angle O for equilibrium. Neglect the 
weight of the beams and the tie rods. 


Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of the bridge and counterweight 
are positive since their centers of gravity are located above the datum. Referring to the geometry shown in Fig. b, 

YG = (030050 + 2.Ssin9)mand yg =(2- 2sin0) m 

Thus, 


V =V, = Emgy= 2000(9.810.3008 9 + 2.5sin8)+ 2000(9.81X2 —2sin6 ) 
= 58860050 + 9810sin0 +39240 


Equilibrium Configuration: Taking the first derivative of V, 


Z- —S886 sin0 + 9810 cos 0 


Equilibrium requires - = 0. Thus, 


—S886 sin0 + 98100086 = 0 
0 = 59.04 = 59.0? 
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11-30. The spring has a stifíness k = 600 lb/ft and is 
unstretched when 0 = 45”. If the mechanism is in equilibrium 
when 0 = 60”, determine the weight of cylinder D. Neglect 
the weight of the members. Rod AB remains horizontal at all 
times since the collar can slide freely along the vertical guide. 


Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of the cylinder is positive 
since its center of gravity is located above the datum. Here, y = (5c0s0 — b)ft. Thus, 


Vo = Wy =Wp(3c0s0 —b)=3Wp cosO — ¿Wpb 


The elastic potential energy of the spring can be computed using Vo = lo? , Where s=(Ssin0 Ssin45") ft =(SsinO — 3.5355) ft. 
Thus, 


Y, = (600Ssino - 3.5355)? = 7500sin?8 - 10606.60sin9 + 3750 


The total potential energy of the system is 
V =V¿+V, =--SWp 0050 + 7500sin?8 — 10606.60sin O — 2Wpb + 3750 


Equilibrium Configuration: Taking the first derivative of V, 


dv , 0 
So =—SWpsia0 + 1500fsin8 cos8 - 10606.6000s O 


Equilibrium requires ES = 0.Thus, 


—SW $090 + 1500sin0 c0s8 — 10606.60c0s O = 0 
150Qsin O cos O — 10606.60c0s0 
Wp = 
Ssin8 


150Qsin 60 cos 60? — 10606.60 cos 60? 
= = 275 lb 
S sin 60 
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11-31. If the springs at A and C— have an unstretched 
length of 10 in. while the spring at B has an unstretched 
length of 12 in., determine the height h of the platform 
when the system is in equilibrium. Investigate the stability 
of this equilibrium configuration. The package and the 
platform have a total weight of 150 lb. k, = 20 lb/in. 


k¡=201b/in. — k,=30lb/in. 


Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of the package and the platform is 
positive since their center of gravity is located above the datum. Here, y = h +b where bis a constant. Thus, 
V¿ = Wy =150(h +b)= 150h + 150b 


The elastic potential energy for the springs can be computed using V, = 315? Her, the compressions of the springs are s4 = y = 


(10— h) in. and sg =(12- h) in. Thus, 
a a ¿Cox 10- mr | + Fox hy 


=35h? - 760h + 4160 


The total potential energy of the system is 
V =V¿+V, = 35h? - 760h + 4160+ 150h + 150b 


Equilibrium Configuration: Taking the first derivative of V, 


dv 
— = 70h — 


Equilibrium requires = = 0. Thus, 
70h - 610=0 h =8.714 in. =8.71 in. 


Stability: The second derivative of Vis 


2 
£Y -70>0 stable 
dh? 
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*11-32. The spring is unstretched when 0 = 45” and has a 
stifíness of k = 1000 lb/ft. Determine the angle 6 for 
equilibrium if each of the cylinders weighs 50 lb. Neglect the 
weight of the members. 


Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of the cylinders is negative 
since their centers of gravity are located below the datum. Here, y = 4 00sÓ + b, where bis constant. Thus, 


V, = EWy = -2[50(4 c0s0 + b)] = -(400c0s8 + 1005) 


The elastic potential energy of the spring can be computed using V¿ = qu? , Where s= 2sin45” —2sin 0 = 1.414 —2sin 6. Thus, 


v, = (1000 1.414- 2sin0)? = 2000sin? 9 - 2828.43 sin9 + 1000 


The total potential energy of the system is 
V=V¿+V, = 2000 sin? 9 — 2828.43 sin9 — 4000080 — 1005 + 1000 


Equilibrium Configuration: Taking the first derivative of V, 


- = 4000sin0 cosO — 2828.43c0s O + 400sinó 


Equilibrium requires - = 0. Thus, 
4000 sin6 cos0 — 2828.43c0s 0 + 400sin0 = 0 


Solving by trial and error, 
0 = 38.8" 
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e11-33. A 5-kg uniform serving table is supported on each 250 mm 150 mm 
side by pairs of two identical links, AB and CD, and springs 

CE. Tf the bowl has a mass of 1 kg, determine the angle 0 

where the table is in equilibrium. The springs each have a 

stiffness of k = 200 N/m and are unstretched when € = 90". 

Neglect the mass of the links. 


Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of the bowl and the table 
are positive since their centers of gravity are located above the datum. Here, 
Y: =(0.25sin0 + a) mand yg, = (0.25sin0 + b)m. Thus, 


Yg = Emgy = 081X025sin0 +4) + (981X025sin0 + 5) 
=7.3575sin0 +24.525a +4.905b 


The elastic potential energy of the spring can be computed using V, = : ks?, where s=0.25c0s 9 m. Thus, 


Y, == (200X0.25008 0)? = 6.2500? 9 


The total potential energy of the system is 
V =V¿+V, =6.2500570 + 7.3575sin9 +24.525a +4.905b 


Equilibrium Configuration: Taking the first derivative of V, 
LA = -12.50050 sin09 +7.3575008 0 


Equilibrium requires - = 0.Thus, 
-12.5c0080 sin0 +7.3575008 0 = 0 
cos 0(-12.5sin 0 +7.3575) = 0 
cos0=0 6 = 90? Ans, 
-12.5sin0 +7.3575= 0 Ans, 


MA 
ds $8) Ñ Lag) 


ORGZMÓM 02GSINO A” 
(a) 
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11-34. If a 10-kg load / is placed on the pan, determine the 50 mM 100 mm 100 mm 
position x of the 0.75-kg block A for equilibrium. The scale is h 1 
in balance when the weight and the load are not on the scale. 


H 


Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of block His positive since its center 
of gravity is located above the datum, while the gravitational potential energy of load / is negative since ¡ts center of gravity is 


located below the datum. Here, yy = [(o.1 +x)sin0 ] mand y, = (0.1sin 0 +b) m where b is a constant. Thus, 
V = V¿ = Emgy= 0.75(9.810.1-+x )sin8 + [-10(9.81X0.1sin0 + b)] 
= 7.35730.1+ x)sin0 -9.81 sinó — 98.15 


Equilibrium Configuration: Taking the first derivative of Y, 


= = 7.3575(0.1+.x )cos O — 9.81 cos8 


Equilibrium requires - = 0. Thus, 


7.3575(0.1+x )cos 9 -9.81 0050 =0 
cos 0[7.3575(0.1+ x)-9.81] = 0 
00s0=0 0 =90* 


7.3575(0.1+x)-9.81 =0 
x= 1.23m 


10(9.8)Ñ 


1065 


11 Solutions 44918 1/29/09 12:42 PM Page 1066 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


11-35. Determine the angles O for equilibrium of the 
200-1b cylinder and investigate the stability of each position. 
The spring has a stifíness of k = 300lb/ft and an 
unstretched length of 0.75 ft. 


Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of the cylinder is positive since its 
center of gravity is located above the datum. Here, y = (3sin O — b) ft, where bis a constant. Thus, 
V¿ = Wy = 2003 sin6 — b) = 600 sin8 — 200b 


The elastic potential energy of spring BC can be computed using V, = q? , Where s= 11.50080 )- 0.75 = (30080 — 0.75)ft Thus, 


Y, = (30013 cus8 - 075) 


= 1350005? 9 — 675008 0 +84.75 


The total potential energy of the system is 
V =V, +V, =1350c08? 9 675008 0 + 600sin O +84.375 — 200b 


Equilibrium Configuration: Taking the first derivative of V, 
5 "27000080 sinó +6730in0 +600c08 0 38in0 $t 
= -1375sin20 + 675sin0 + 600c0s0 


tum 
ias ] l EEEMERARAZEO. pa 
Equilibrium requires - = 0.Thus, A 


-1375sin20 +675sin 0 +600c0s 9 = 0 
Solving by trial and error, 
8 =17.1? and 0 =70.92 
Stability: The second derivative of Vis 
270000828 + 6750050 — 600 sinó 


At the equilibrium configuration 6 = 17.1, 
day 


— = -270000834.2” + 67500s 17.1” —600sin 17.1? 
0 a7.10 


=-1764 <0 unstable 
At the equilibrium configuration € = 70.92, 


dy 
ad? 


| = -270000s 141.84” + 675005 70.92” — 600sin79.2? 
=10.92* 


=1776.67>0 stable 
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*11-36. Determine the angles 0 for equilibrium of the 
50-kg cylinder and investigate the stability of each position. 
The spring is uncompressed when 6 = 60". 


Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of the cylinder is positive since its 
center of gravity is located above the datum. Here, y = (1 sin9 — b) m, where b is a constant. Thus, 
V¿ = mgy = 50(9.81Xsin8 — b) = 490.5sin0 — 490.5b 


The elastic potential energy of the spring can be computed using V, = ze where s = 2(1 co0s8 — c0s 60?) =(200s 9 — 1) m. Thus, 


Y. = (90020080 - 1)? = 180000820 — 1800008 9 +450 


The total potential energy of the system is 
V=V¿+V, = 1800008? 8 — 1800c0s0 + 490.5sin9 + 450- 490.5b 


Equilibriam Configuration: Taking the first derivative of V, 


z -3600sin9 cos O + 1800sin0 + 490.50089 


= -1800sin 20 + 1800 sin 9 + 490.5 005 0 


Equilibrium requires - =0.Thus, 


-1800sin29 + 1800sin6 + 490.50080 = 0 


Solving by trial and error, 
0 =16.55= 16.6” and O = 52.9" 


Stability: The second derivative of V is 


3600 cos 29 + 1800 c0s 9 — 490.5 sin 0 


At the equilibrium configuration 8 = 16.55”, 
ay 
al = 3600008 33.10” + 1800008 16.55% — 490.5sin 16.55? 
40 b 52.916 
=-1430<0 unstable 
At the equilibrium configuration O = 52.92", 
= 3600008 105.84? + 1800008 52.92” — 490.5sin 52.92? 


=167622>0 stable 
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e11-37. If the mechanism is in equilibrium when 9 = 30", 
determine the mass of the bar BC.The spring has a stiffness 
of k = 2 kN/m and is uncompressed when 0 = 0”. Neglect 
the mass of the links. 


Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of block E is negative since its center 
of gravity is located below the datum. Here, y = (0.45sin0 + b) m, where bis a constant. 
V¿ = - mgy=—m gl 9.8110.45sin 0 +b)= -(4.4145H g sin0 + 9.8lm gb) 


The elastic potential energy of the spring can be computed using V, = ks?, where s = 0.45 — 0.4500s 6.Thus, 
Y, = 3 (2000X0.45- 0.450080 )? 
= 202.5+ 202.500828 — 4050088 


The total potential energy of the system is 
V =Vg¿ + V, = -4.4145m y sinó +202.5008? 8 - 405008 0 —9.81m gb + 202.5 


Equilibrium Configuration: Taking the first derivative of V, 


A- -4.4145mp cos 9 — 405cos Osin8 + 405sin9 


Equilibrium requires 5 = (0.Thus, 


-4.4145mpg cos 9 —- 405cos O sin0 + 405sin0 = 0 
E 405 sin0 — 405 cos O sin O 
cdi 44145008 0 
When 6 = 30", 
_ 405sin30” — 405cos 30? sin 30? 


=7.10 kg 
44145008 30? 


mE 
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11-38. The uniform rod OA weighs 20 lb, and when the rod 
is in the vertical position, the spring is unstretched. 
Determine the position 6 for equilibrium. Investigate the 
stability at the equilibrium position. 


Potential Function : The spring swetches s = 12(0) in., where 9 is in radians. 
1 
VaY+ Y, = 31207 + 20[ 1.5(12)c088] 


= 1446” + 360c0s0 


E =2880-360si00 =0 


9 = 1.1311 rad = 64,8? 


00 Ans 


dy 


br = 288 - 360c0s0 A 

dy 

qa” 288-360cos64.8"=135>0 stable 15(02)C050 in, DAA 
FS 


<a =288- 360008 0" =-72.<0 unstable Wa 


11-39. The uniform link AB has a mass of 3 kg and is pin 
connected at both of its ends. The rod BD, having negligible 
weight, passes through a swivel block at C. If the spring has a 
stifíness of k = 100 N/m and is unstretched when 0 = 0*, 
determine the angle 9 for equilibrium and investigate the 
stability at the equilibrium position. Neglect the size of the 
swivel block. 


32 (0.4) +(0.4)* -2(0.4) c019 
= (0.4) /2(1-c0s0) 


V =4Yy+Y 


' 1 
= -(0.2Xsin0)3(9.81) + ¿(1001 [(0.4* DI — c0s6)] 


e = (5.886) c0s0 + 16(sinG) = 0 (1) 


9= 720.22 Ans 


S = 5.886 sinó + (l6)cos0 = 170>0 stable Anas 
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*11-40. The truck has a mass of 20 Mg and a mass center at 
G. Determine the steepest grade O along which it can park 
without overturning and investigate the stability in this 
position. 


Potential Function : The damm is established at point A. Since the center of 
gravity for the truck is above the datum, its potential energy is positive, Here, 
y = (1. Ssin 0+3.5cos 0) m. 


V = Y, = Wy = W(1. Ssin 0+3.5c0s 0) 


ud Y 
Equilibrium Position : The system is in equilibrium if Dr] =0 


IV W(1.5cos 9-3.5sin 0) =0 
de 
1.5cos 9-—3.Ssin 9=0 

0= 23.20" = 23.2 


Stability : 
Py = W(-1.Ssinó- 3.5cos 0) 


de 
EY = W(-1.Ssin 23.20" - 3.5c0s 23.20?) = -3.81W <0 
df l9-23.20* 


Thus, the truck is in unstable equilibrium at 9 = 23.2? Ans 


11-41. The cylinder is made of two materials such that it 
has a mass of m and a center of gravity at point G. Show 
that when G lies above the centroid C of the cylinder, the 
equilibrium is unstable. 


Potential Function : The datum is established at point Á. Since the center of 
gravity of the cylinder is above the damum, its potential energy is positive. Here, 
y = r+dcos 0. 

V = Y, = Wy = mg(r+acos 0) 


IV 
Equilibrium Position : The system is in equilibrium if 75 =0. 


e o 000 0? == 
— = 0= <0 
dP lomo" cs Ñ 


*Thus, the cylinder is in unstable equilibrium at 9 =0? (Q.E.D.) 
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11-42. The cap has a hemispherical bottom and a mass m. 
Determine the position h of the center of mass G so that the 
cup is in neutral equilibrium. 


Potential Function : The danum is established ar point A. Since the center of 
gravity of the cup is above the danum, its potential energy is positive. Here, 
y =r-hcos Ó. 

V = V, = Wy = mg(r- hcos 0) 


Equilibrium Position : The system is in equilibrium if 5” 0. 


<= mghsin 9 =0 


sin8=0  0=0". 


dv 
A Es o. 
Srability : To have neutral equilibrium at 9 = 0, Temo = 


— =mghcos 0? =0 
g=0* 


h=0 Ans 


Sel 
A AS . dv E o”>01. 
Note: Sable Equilibrium oca 1£4>0| Saz a mghcos 0? > ) 
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11-43. Determine the height h of the cone in terms of the 
radius r of the hemisphere so that the assembly is in neutral 
equilibrium. Both the cone and the hemisphere are made 
from the same material. 


Potential Function: The mass of the cone and hemisphere are mc = e 310%5)=200*haam, = e nr) 2pm, 


where pis the density of the homogeneous material. With reference to the datum, Fig. a, the gravitational potential 
energy of the cone and hemisphere are positive since their centers of gravity are located above the datum. Here, 


YC = r+hoos8and ys= r-Úr0os0.Tms, 
V =V, = Emgy= (Jomr?n e( r+4000)«h0m*(s[»- groso) 
- om metia ar? -¿2mo) 

Equilibrium Configuration: Taking the first derivative of V, we have 


2 2 
-- a + 27 ino O 3) 


Equilibrium requires - = 0.Thus, 


2 
A O A 
Lol | eE eS Jo 


sin0 =0 6=0* 


Stability: The second derivative of Vis 


Ans. 


2 
SÁ >0 |and is unstable if 
a 


Note. The equilibrium configuration of the assembly at 6 = 0? is stable if h <5 


El <9 
=0P 
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*11-44. A homogeneous block rests on top of the 
cylindrical surface. Derive the relationship between the 
radius of the cylinder, r, and the dimension of the block, b, 
for stable equilibrium. Hint: Establish the potential energy 
function for a small angle 6, 1.e., approximate sin 0 = 0, and 
cos 9 = 1-— 0?/2, 


Potential Function : The danm is established at point O. Since he center of 
gravity for the block is above the damm, its potential energy is positive. Here, 


y= (r+ 3 Jos 09 + rósin 0. 


V=W, = "(re Jeos 9+rósin o] 


e 
For small angle 6, sin 6 = 9 and cos 0 = 1-5. Thoa Eq. [1) becomes 


av 
Equilibrium Position : The system is in equilibrium if 36 =0 


Z = w(r-5)o=0 8=0* 


e E 
Stability : To have stable equilibrium, |, >0 


A E w/»- :) de 


os 


b<?2r 
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e11-45. The homogeneous cone has a conical cavity cut 
into it as shown. Determine the depth d of the cavity in 
terms of h so that the cone balances on the pivot and 
remains in neutral equilibrium. 


Potential Function : The datum is established at point A. Since the center of 
gravity of the cone is above the darum, its potential energy is positive. Here, 


1 
y =(3-d)cos [00 -áJeos 9= 3(A-3d)cos o. 


a W(h- 3d) 
4 


1 
Y=W| ¿(0-300cos 0]. . cos 9 


Equilibrium Position : The systemis in equilibrium if = =0 


dV  W(h-3d) . 
— == —_—— SiN 


d0 4 


0=0 


6=0 8=0? 


1 
Stability : To have neutral equilibrium ar 6 = 0?, ri =0. 
dl amor 


dy _Wih-3d) 


de e 


Py _W(h- 3d) 


do 4 ió 


Ans 


A h 
Note : By substimting d = 3 into Eq.(1], one realizes that the fulcrum must be at 
the center of gravity for neutral equilibrium, 
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11-46. The assembly shown consists of a semicylinder and 
a rectangular block. If the block weighs 8 lb and the 
semicylinder weighs 2 lb, investigate the stability when the 
assembly is resting in the equilibrium position. Set h = 4 in. 


8 
E 


da 40 z= 1,698 in. 
3 


V = Y, = 24 - 1.698 c050) + 8(4 + 2 c0s0) 


md = 3.395 sinó - ló sinó = 0 
de 


sinó = 0 
6 =0”  (equilibrium position) 


2 
= = 3.395 cos0 — 16cos0 


A (4-1698C050) ín. 


2 
At8 = 0%, 5" 126<0 Unstable Anas 
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11-47. The 2-1b semicylinder supports the block which has 
a specific weight of y = 80 1b/ftó. Determine the height h 
of the block which will produce neutral equilibrium in the 
position shown. 


de Da 1698 in. 
3x 


h 
1 -C0$ 
Va Y 2 2(4 - 1.698 cosÓ) + (m(5)»000]( + 3 o) 


AV _ 3,395 sinó - 1.852A' sinó = 0 


sinó = 0 
g=0 (equilibrium position) 


Y = (4 - 1.698 C0s0)ín. 


AV _ 3395c080 - 1.852 X' cos0 = 0 


— = 
3.395 , 
22 =135in Ans 
A 
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*11-48. The assembly shown consists of a semicircular 
cylinder and a triangular prism. If the prism weighs 8 lb and 
the cylinder weighs 2 lb, investigate the stability when the 
assembly is resting in the equilibrium position. 


l 


OB = — = 1.70 in. 


44) 
3% 


OA = 30 = lin 


=V= 2 2(4 - 1.70c050) = - , 
Y =V = 8(4 + 20050) + ZE PAS 
V = 40 + 12.6c00 


dv 


dY . -12.6sin0 = 0 %s (4-1.70C050)'in. 
d6 
9=0" Ans (forequilibrium) 


Y . -126c0s0 
de 


AG = 0*, 


ey, -126<0  unstable Ans 
dee 
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e11-49. A conical hole is drilled into the bottom of the 
cylinder, and it is then supported on the fulcrum at A. 
Determine the minimum distance d in order for it to remain 
in stable equilibrium. 


q 
pee 


Potential Function: First, we must determine the center of gravity of the cylinder. By referring to Fig. a, 


6h? — a? 


ra (1) 


pm?n- Lom? 4A(3h-— d) 


With reference to the datum, Fig. a, the gravitational potential energy of the cylinder is positive since its center 
of gravity is located above the datum. Here, 


2 2 2 2 
= 6h? — d 6h* — 12hd + 3d 
= =d =|— — =  _ AAA, 
y= (Y )00s0 | 3-0) ¿eno | 1 ¡eno 


4(3h — d) 


2 2 
vr + El a 


Equilibriam Configuration: Taking the first derivative of V, 
dv 6h? —12hd +34? | . 
— = W ——== [sino 
d8 43h -d) 


Equilibrium requires eN = 0.Thus, 


6h? — 12hd +34? 
4A3h-d) 
sinó = 0 os 


[ino =( 


Stability: The second derivative of Vis 


y] 54? 12hd + 30? 
43h - d) 


To have neutral equilibrium at 9 = 0?, 


y hd +30? 
4(3h-d) 


6h? — 12hd+ 3d? =0 


_ 12m lion)? —acor6n?) 


23) 
Note. 1f we substitute d = 0.5858h into Eq. (1), we notice that the fulcrum must be at the center 
of gravity for neutral equilibrium. 


d = 0.5858h = 0.586h Ans. 


1078 


11 Solutions 44918 1/29/09 12:42 PM Page 1079 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


1079 


11 Solutions 44918 1/29/09 12:42 PM Page 1080 - 


O 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


11-50. The punch press consists of the ram R, connecting 
rod AB, and a flywheel. If a torque of M = 50N-«m is 
applied to the flywheel, determine the force F applied at the 
ram to hold the rod in the position 6 = 60”. 


Free Body Diagram : The system has only one degree of freedom defined by the 
independent coordinale 6. When 6 undergoes a positive displacement $0, only 
force F and $0 N - m couple moment do work. 


Virtual Displacements : The force F is located from the fixed point A using the 
position coordinate x, . Using the law of cosines, 


0.4 = x +0.1?-2(x,)(0.1)c0s O 0) 

Differentiating the above expression, we have 
0=2x, óx, -0.26x, cos9+0.2x, sin 050 
la, = as (21 
Virtual - Work Equation : When point A undergoes positive virtual displacement 
$x, , force F does negative work: The 50 N - m couple moment does negative work 
when the flywheel undergoes a positive virtual rotacion $0. 
S5U=0;  -F8x,-S5080=0 (3] 

Substituting Eq.(2] into [3] yields 


a 0.2x, sin 9 
0.2cos 9 2x, 


F-50]50=0 


Since 50 4 0, then 
__0.2x,sin 0 
0.2cos 9-2x, 
Fa _50(0.2cos 9-2x,) 
0.2x, sin 0 


F-50=0 


4] 


At the equilibriurn position, 6 = 60”. Substituting into Eq.(1], we have 
Substimting the above results into Eq. [4], we have 
0.4 = xi +0.1* -2(x,)(0.1)c08 60? 


Xx, = 0.4405 m  _0(0.2cos 60” -2(0.4405)] 


DO AAOS in ON 
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11-51. The uniform rod has a weight W. Determine the 
angle 0 for equilibrium. The spring is uncompressed when 
0 = 90”. Neglect the weight of the rollers. 


Potential Function : The datum is established ar point A. Since the center of 
gravity of the beam is above the datum, its potential energy is positive . Here, 


y = ¿sin O and he spring compre ses x = Lcos 0. 
V=V,+Y, 
la 
kx" +W 
Ss +Wy 
1 a, 
= ¿UN (Lcos 6) + w(Gsin o) 
kL? WL 


= <] os 0+ qe 8 


dv 
Equilibrium Position : The system is in equilibrium if > je 0. 


dv de WL 
ql sin 6c0s 0+ 008 6=0 


W 
cos o(-kL*sin 0+ 5) =0 


ES 
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*11-52. The uniform links AB and BC each weigh 2 lb 
and the cylinder weighs 20 lb. Determine the horizontal 
force P required to hold the mechanism at O = 45”. The 
spring has an unstretched length of 6 in. 


Free Body Diagram : The system has only one degree of freedom defined by 
the independent coordinare 9. When O undergoes a positive displacement 50, 
only the spring force F,, the weight of links (2 lb), 20 lb force and force P do 
work. 


Virtual Displacements : The positions of points B, D and C are measured 
from the fixed point A using position coordinates yy , yp and x respectively. 


Ya = 1Osin O $yy = 10cos 059 (y 
Yo = Ssin 0 8yp = 5c0s 050 (2] 
xc =2(10cos 0)  óx¿=-20sin 050 (3) 


Virtual - Work Equation : When points B, D and C undergo positive 
virmal displacements Sy, , dypand Íxc, spring force E, that acts al point C, 
the weight of links (2 Ib) and 20 Ib force do negative work while force P does 
positive work. 

$U=0; — FE Óx(-2(28yp) -208yg + Póxc =0 [4] 


Substimting Eqs.(1), (2] and (3) into [4] yields 


(20F, sin 6- 20Psin 8-220c0s 9 ) 59 =0 


However, from the spring formula, E, = kx = 2[2(10c050) - 6] 
= 40c03 0 — 12, Substimting this value into Eq.[5] yields 


(800sin 6cos 9 240sin 9-220cos 9 - 20Psin 0) 50 = 0 
Since $0 x 0, then 


800sin 6cos 9 240sin 9 -220cos 9- 20Psin 8 = 0 
P= 40c0s 9- 1 1cot 9 - 12 


At the equilibrium position, O = 45”. Then 


P= 40cos 45? - 1 1cot 45” - 12 = 5.28 lb 
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e11-53. The spring attached to the mechanism has an 
unstretched length when 0 = 90. Determine the position 0 
for equilibrium and investigate the stability of the 
mechanism at this position. Disk A is pin connected to the 
frame at B and has a weight of 20 lb. 


Potential Function : The datum is established at point C. Since the center of 
gravity of the disk is below the darum, its potential energy is negative. Here, 
y = 2(1.25c0s 6) = 2.5cos 9 ftand the spring compresses x = (2.5-2.5sin 9) ft 


V= +V, 


= 7(16)(2.5-2.Ssin 9) -20(2.5cos 6) 
= S0sin* 9 — 100sin 9 50cos 9+ 50 


Equilibrium Position : The system is in equilibrium S =0, 


dv 
36 — 'Osin 6cos 6— 100cos 9+ SOsin 0=0 


dv 
36 — *osin 26- 100cos 0+5S0sin 9 =0 


Solving by trial and error, 
8 = 37.77" = 37,8" 


Stability : 


dy 
a” 100cos 28+ 100sin 9+ S0cos 9 


de 
2 = 100cos 75.54? + 100sin 37.77% + $0cos 37.77" 


dAla37.711 
=125.7>0 


Thus, the system is in stable equilibrium at 9 = 37.89 
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11-54. Determine the force P that must be applied to the 
cord wrapped around the drum at C which is necessary to 
lift the bucket having a mass m. Note that as the bucket is 
lifted, the pulley rolls on a cord that winds up on shaft B and 
unwinds from shaft A. 


As shaft rotaes $9 


$U a 0;  P(c) 59 - Ho 50+ Ea 86) =0 
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11-55. The uniform bar AB weighs 100 lb. If both springs 
DE and BC are unstretched when 9 = 907, determine the 
angle O for equilibrium using the principle of potential 
energy. Investigate the stability at the equilibrium position. 
Both springs always remain in the horizontal position due 
to the roller guides at C and £. 


2 =21b in, D/) 


Potential Function : The datum is established at point A. Since the center of 
gravity of the beam is above the datum, ¡ts potential energy is positive. Here, 
y = (3sin 0) ft, the spring ar D streiwches xp = (2cos 0 ) ft and the spring al B 
compreeses x = (6cos 0) ft 
V=V,+V, 

= Eto + y 

=5(29)(2008 9) + (48)(6cos 8)? + 100(3sin 6) 

= 912cos* 9+ 300sin O 


A 
Equilibrium Position : The system is in equilibrium if 7] =0. 


<= —1824sin Gcos 0+300c0s 9=0 


2 912sin 29+300c0s 0=0 


90=%0" or 0=9,467" =9.47* 


Py 


7 = -1824cos 28 - 300sin O 


e! . 
y PA = -1824c0s 180” - 300sin 90” = 1524 > 0 


Thus, the system is in stable equilibrium at 9 = 90? 


d? 
roer =-1824c0s 18.933" — 300sin 9.467" =-1774.7<0 


Thus, the system is in unstable equilibrium ar 9= 9.47% Ans 
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*11-56. The uniform rod AB has a weight of 10 lb. If the 
spring DC is unstretched when O = 0”, determine the angle 
9 for equilibrium using the principle of virtual work. The 
spring always remains in the horizontal position due to the 
roller guide at D. 


E k=501b/ft 
D + AAA 


Ye = 1.$cos9 Sy. = -1.5sin0 $8 
xp = 1sin9 áxp = cos959 
dU=0;  -Wéóy,-F,árf=0 
-10(-1.5sin989) - F, (cos8 $0) = 0 
$0(15sin9 —F, cos0) =0 
Since $0. 0 
1Ssinó -E,cos0=o (1) 
F, = kx where  x=1sinO (2) 
F, = 50(sin6) = S0sin9 
Substituting Eq.(2) into (1) yields : 
15sin6 —-(SOsin8)cos8 = 0 
sin0(15-50cos0) =0 
sin9 =0 8=0 


15-$0cos9=0  09=72.5* 
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e11-57. Solve Prob. 11-56 using the principle of potential 
energy. Investigate the stability of the rod when it is in the 
equilibrium position. 


k = 50 1b/ft 


Va +Y, = ¿(SONsinOy + 10(1.5c0s0) 


=25sin* 9+15c050 


dv 
PD 


dv ; ; 
7] = S0sin9:058-1SsinG =0 


sin9(S0cos 9-15) =0 
sinó =0 8=0* 


50cos8-15=0 8=72.5* 


NA 
16 = 50c0s29- 15c0s0 


At 0=0", <= SOcos0?- 15c0s0* =35>0 stable 


At 9272,5", = = 50cos 145” - 15c0572.5% =-45.5<0 unstable 
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11-58. Determine the height h of block B so that the rod 
is in neutral equilibrium. The springs are unstretched when 
the rod is in the vertical position. The block has a weight W. 


Potential Function: With reference to the datum, Fig. a, the gravitational potential energy of block B is positive since its center 
gl 
of gravity is located above the datum. Here, the rod is tilted a small angle 6. Thus, y = h cos6. For a small angle 0, cos0 =1-— mE 


Thus, 


e? 
Y, = Wy = m1) 


The elastic potential energy of each spring can be computed using V, = 31? Since 0 is small, s=10. Thus, 
Y, = 27 10? | 129? 


The total potential energy of the system is 
2 
e) 242 

V=V¿+Ve m1 Eva 0 
Equilibrium Configuration: Taking the first derivative of V, 

LD - m0 + 20% =0(-Wn +2?) 

de 
Equilibrium requires 46 = (.Thus, 

9-Wa +21?) =0 

8 =0* 


Stability: The second derivative of V is 


To have neutral equilibrium at 0 = 0*, 7] 
d0 =P 


2 2 2 2 
Note. The equilibrium configuration of the system at O = 0” is stable if h < e ee > 0 | and is unstable if h col EE <0 
W | de? W | ae? 
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